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UNI AXI ALLY SHRI NKABLE Bl AXI ALLY ORI ENTED POLYPROPYLENE FI LMS
The present tnvention relates to a uniaxially heat- shri nkabl e,
biaxially oriented, nmultilayer filmhaving a pol ypr opyl ene- cont ai ni ng
core layer and at |east one pol yol efi n-cont ai ni ng skin | ayer adjacent
sal'd core | ayomes33sés The core |layer contains isotactic polperosyshsnae and a
modi fi er which reduces the crystallization or crystallinity - of the
pot:ypr opyl ene by increasing chain i npedecti ons or reduci ng

I sotacticity of the polypr ore. The present

I nvention further rel ates W’ég{igf‘gg%@%" shrinkabl e multilayer

bi axially oriented fpjAXIALLY ORENTED PORLYPROPYRENERLIAGNt ai Ni ng base | ayer
and at | east one skin | ayer adj acent said base layer, which filmis

primarily. biaxially oriented by orienting 3 to 6 tines in a first
direction at a t &spresentoinventien relntesyfter A unisxiahly hearv1o 15 10

times in a sEeeltkablesCbiaRkialDgt erientdd, riﬁillﬂih.air&rsmuim havitmi i stI
aai d fiim ai% b G e %%%ﬁr“ré Ly png pr.A0086 8 ' “and
t hereafter ﬂﬂwmteﬁnﬁng skin layer radjscent: gaid; mre ayen. on 1.1
to 1.4 SinESTﬁ& ddid Qayler! @ontains isotactic polypropylene and a
modifier which reduces the crystallization or crystallinity
of the polypropylene by increasing chain imperfections or
reducing isotacticity of the polypropylene-containing core.
_ The present invention further relates to a uniaxially
10 = shrinkable multilayer biaxially oriented f£ilm having a
polypropylene~containing base layer and at least one skin
layer adjacent said base layer, which f£ilm is primarily.
biaxially oriented by orienting 3 to 6 times in a first
direction at a temperature of 110° to 130°C, orienting 5 to
15 10 times in a second direction substantially normal to said
first direction at a temperature of 130° to 160°C,
thereafter cooling said film, say, to a temperature no
greater than 100°C, and thereafter secondarily orienting
the film in the first direction 1.1 to 1.4 times at 100° to
20 125°C.

The present invention also relates to a method for
preparing uniaxially heat-shrinkable, biaxially oriented,
multilayer film having a polypropylene-containing core
layer comprising at least 70 wt% of said multilayer film

25 and at least one polyolefin-containing skin layer adjacent
said core layer. The method comprises

1) coextruding said core layer and said skin layer
through a flat die to provide a coextrudate,

2) biaxially orienting said coextrudate by orienting 3

30 to 6 times in a first direction at a temperature of 115° to
130°C, and orienting 5 to 10 times in a second direction
substantially normal to said first direction at a
temperature of 130° to 160°C,



20 125 C. The present invention also relates to a nethod for

preparing uniaxially heat-shrinkable, biaxially oriented, mul til ayer
fil mhaving a pol ypropyl ene-cont ai ni ng core [ayer conprising at Teast
70 Wt % of said nmultilayer film25 and at |east one pol yol efin-containing
ski:n | ayer adjacent said core layer. The nmethod conprises

1) coextrudi mgp semsgbecore | ayer and said skin |ayer t hpowaisososidsat di e
to provi de a coextrudate, 2) biaxially orienting said
cogxtrudate by orienting 3 30 to 6=k2a®s in a first direction at a
tenperature of 115 to 130[err]C, and orienting 5 to 10 tinmes in a

second direction 3) coolingisaid hiaxiaddiygpriented caextyudatectei 8n at a

tenperature dlempepheutt h6 didity than 100°C and WD 96/ 33864
PCT/ US96/ 03448 3)

cooling said bi ax 2:5%?2E&%§1%ﬁig&FFBASFe”§%¥%F1f§ or e@ﬁfﬁ%aiuge no
greater thanceextEpdatesin the first dixpctien BYitlhFs 403 @¥one9°bteaxi al |y
orienteds 12s8¢gextrudate in the first direction by 10 to 40% at 100[err]

to In yet another aspect, the present invention relates
to heat-shrinkable polyolefin films which have a secondary
machine direction (MD) stretch of up to 40%, with recovery
upon the application of heat (i.e., machine direction
a0 shrinkage) of at least 25% at 135°C, with 0 + 1%
dimensional change in the transverse direction (TD). The
present invention further relates to the preparation of
precursors of heat-shrinkable films which precursors are
biaxially oriented polyolefin films which are capable of
1s being secondarily oriented by stretching up to 40% in the
machine direction without tearing.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 depicts MD elongafion (3) over the range of
44.7 g per linear cm to 134 g per linear cm (0.25 pli
20 (pounds per linear inch) to 0.75 pli) for Examples 17 and
33 to 37. _
FPigure 2 depicts haze (%) vs. core composition for
Examples 12 to 20.
Figure 3 depicts MD dimensional stability at 135°C
2s (275°F) vs actual secondary machine direction stretch
(MDO2) for films having 40% EP-containing cores (Examples
12, 15, 18, and 20).
Figure 4 depicts MD dimensional stability at 135°C
(275°F) vs actual secondary machine direction stretch
30 ° (MDO2) for films having 20% EP-containing cores.
' Figure 5 depicts MD dimensional stability at 135°C
(275°F) vs actual secondary machine direction stretch
(MDO2) for films having 4% syndiotactic polypfopylene-
containing cores.
3s Figure 6 depicts MD dimensional stability at 135°C
(275°F) vs actual secondary machine direction stretch



5 125[err] C In yet another aspect, the present invention

relates fo heat-shrinkable polyolefin filns which have a secondary
machi ne direction (MD) stretch of up to 40% wth recovery upon t he
application of heat (i. e., machine direction 10 shrinkage) of at |east
25% at 135[err]C, with 0 1% - di mensi onal change in the transverse
direction (TW9963I8es present invention further rel at esPCTUSISH3448
preparation of precursors of heat-shrinkable filnms which precursors
arg bi axially oriented pol yol ef«=«3«& | "6 whi ch are capabl e of 15

bei ng secondarily oriented by stretching up to 40%in the . machi ne
direction wié ) fox; fidms having§¥myndictrctionpolyrrepyisnen NGS

Figure 1 depcoritmiMing eogasion (% over the range of 44.7 per

| to 134 h
to 0°75 pl §) for Tagite 7 BRRLCER a8 dindlidionly, sthB21EEH Qgr#*"l‘fgrz' nen
depi cts haze(3%9° F\)svscéﬁﬁuﬁbn‘iﬁ%?m machine di&aﬁ%?%ssmﬁ@l 20.

Figure 8 dep(mw&od-l rddnBonaving 5% [td Lo¥ 1ikeher LbwCadhsity (275[err] F)

vs act ual %%hlég‘bgt e&&*ggiﬁ@tcco%gs. (MDQ2) for filnms having

40% EP—cont nin ores 18, and 20).
Figure 4 depicts H@ngﬁﬁﬁﬁtssﬂﬁtﬂ##?'}siﬂmhmbﬂ-}@? at 13 err]F) vs

act ual secon(zusPRyaeBi etdal esecornasty Qiaféhi&@ diré&@i& g€Fetdd N5 having

20% EP- t VD _di |
stabili f?na?%e?%ﬁlm h 5 e+6: %‘f §380“5|3?n§ %‘%ﬁn?ne
di rect*®n sthukxliene ME}' {Chisse qwtaﬁmpqdcorem ic

pol ypropyl ene-  Pigureoot aepitts D cSlormfation at 6bPEULE£46° e i 134D
di mensi onal Stall liinead ch3bS95!$11) vs actual secondary machine
direction stretch (MDO2) for films havinq 40% EP-containing
cores.
1s Figure 10 depicts MD elongation at 60°C (140°F) and 134
g per linear cm (0.75 pli) vs actual secondary machine
direction stretch (MDO2) for films having 20% EP-containing
cores.
Figure 11 depicts MD elongation at 60°C (140°F) and 134
20 g per linear cm (0.75 pli) vs actual secondary machine
direction stretch (MDO2) for films having 4% syndiotactic
polypropylene-containing cores.
Figure 12 depicts MD elongation at 60°C (140°F) and 134
g per linear cm (0.75 pli) vs actual secondary machine
25 direction stretch (MDO2) for films having 8% syndiotactic
polypropylene-containing cores.
Figure 13 depicts MD elongation at 60°C (140°F) and 134
g per linear cm (0.75 pli) vs actual secondary machine
direction stretch (MDO2) for films having 5% to 10% linear
30 low density polyethylene (LLDPE)=-containing cores as well
‘as films having 20% ethylene-propylene-butylene terpolymer
(Chisso 7880)~containing cores and 100% homopolymer PP
core.
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- 3- (MDQ2) for fiTms having 8% syndi ofactic pol ypropyl ene-
cont ai ni ng cores. ~ Figure 7 depicts MD dinensional stability at
135[err] C (275[err]F) vs actual secondary machine direction stretch

5  (MDO2) waresiisgeas having 5% to 10% |l inear | ow density PCTUS96/03448

pol yet hyl ene (LLDPE)-cont ai ni ng cores. Figure 8 depicts MD

di prensional stability at 135[err]C ==q4=¢275[err]F) vs actual secondary
machi ne direction stretch (MDO2) for films having 10% and 20%
ethylene-pronntene- 10 butyl ene terpolyner (Chisso 7880)-containing

cores. %&Mﬁfo&* VRechotgpibsyl ere-2tintaihéngléeker r| F)

and 134 I 0. t I h

direction st FE&EE‘%M%&;%&Q#Y&" P"nﬁ¥ C 23 mﬁc%@%&iﬁgcm{@ res. 15
Fi gure 10 deprovidéDeufbicisnt opexrabdlity] Sp(thﬂ[-e#hq Eilmatter g per
l'inear gm (Opfasihi) o¥§aﬁ€£&?&n BEAMiLEY cFpsbaTBinity widichedsl 2Bwst ret ch

(MpO2) for flenougRaV|nge {@ ‘l‘“ﬁléﬁd&arg orientation of the film,
which imparts the uniaxial shrinkability to the film,
without tearing. The core layer material can be a single
polypropylene homopolymer material which is sufficiently

10 atactic and which has a specific melting point, as
determined by the DSC (Differential Scanning Calorimetery)
method, e.g., at a heating rate of 2°C/minute.

Alternately, the core layer material can comprise a blend
of a more isotactic polypropylene with modifiers which are

is polyolefin materials which are less crystallizable due to a
higher degree of chain imperfections or lower isotacticity.
Suitable DSC melting points for the core layer, blended or
not, can be less than 160°C, e.g., less than 150°C, or even
less than 140°C. |

20 Modifiers suited to use in the present invention
include polyolefins other than isotactic polypropylene.
The modifier can be selected from the group consisting of
atactic polypropylene, syndiotactic polypropylene,
ethylene-propylene copolymer, propylene-butylene copolymer,

25 ethylene-propylene-butylene terpolymer, polybutylene, and
linear low density polyethylene.

Several ways have been found to provide a
polypropylene core having a higher degree of chain
imperfections and the desired post primary orientation

30 crystallinity. The desired crystallinity avoids tearing of
the biaxially oriented film during secondary orientation at

- stretch levels of greater than 30% or greater than 35%,
“ e.g., up to 40% or even up to 45%. Isotactic
polypropylene, i.e., polypropylene having less than 5%

35 atacticity, say less than 3% atacticity, can be combined
with almodifier, e.g., atactic polypropylene, to provide a
suitable core layer. Atactic content can be measured by a



cores. Figure 11 depicts MD elongation at 60[err]C (140[err]F)
and 134 20 g per linear cm (0.75 pli) vs actual secondary machi ne
direction stretch (MD02) for fil'ns having 4% syndi otactic

pol ypr opyl ene- cont ai ni ng cores. Figure 12 depicts MD el ongation
at_60[err]C (140[err]F) and 134 g per linear cm (0.75 pli) vs actual
secondary newbbessséd direction stretch (MD02) for fil ns PerUsSYg08MH6

syndi otactic pol ypr opyl ene- cont ai ni ng cores. Figure 13
depicts MD elongation at 60[err] C (14&{ss=r]F) and 134 g per linear cm
(0.75 pli) vs actual secondary nachi ne direction stretch. (MX2) for
fil ms havi ngp@bymesr ‘2odnscdubility in haildng nhepanpcvwhthcephain

(LthPE) - cont g magﬁrdhl‘a 82ing! bbserved adiaf 'mt_bathoggzo% o

et ene- propyl ene- but yl ene t erpolyvmer -C0 ni ng cores
andyloowbﬁong%ol (PSp aspec 8&@1e present i%gah§3§p96?8§é%3§§fier,

PCT/ US96/ 03469~ , atactic polyprepylenmsiis added tpethe core in

pol yprogyl engnedifisiistiftdicient to provide a core layer having an
overall atacticity greater than 2%, preferably greater than
4%, greater than 5% or greater than 6%, say, e.g., 6 to-
15%. For present purposes, atactic polypropylene has an
atacticity of at least 10%, preferably at least 15%, e.gq.,
10 15 to 20% or 15 to 25%. Atactic polypropylene can be used
alone as the core or added to isotactic polypropylene in -
amounts such that the resulting mixture comprises 10 to 99
wtl atactic polypropylene, e.g., 10 to 30 wt$%, preferably
15 to 20 wt%. atactic polypropylene. Blends of 15 wt$g
15 atactic polypropylene (15% atacticity) and 85 wt% isotactic
polypropylene (of 4 to 5% atacticity) are especially
preferred.
A suitable atactic polypropylene for use in the
present invention has an atacticity of 15% which can be
20 added to isotactic polypropylene to provide a core mixture
'containing 15 wtt atactic polypropylene thereby increasing
overall core atacticity by 2.25 wts.
Commercially available isotactic propylene suited to
use in the present invention includes Fina 3371 from Fina
25 0il and Chemical Co., Chemical Div., Dallas, TX. Atactic
polypropylenes which are commercially available include
- L1300 from Novolen of BASF Corp., Parsippany, NJ.
In another embodiment, the present invention employs a
core layer which comprises polypropylene as described
30 above, preferably isotactic polypropylene, mixed with
polybutylene modifier to provide a core layer containing 2
to 15 wt% polybutylene, preferably 5 to 10 wt%
polybutylene. Suitable polypropylene/polybutylene-1
homogeneous blends are described in U.S. Pat. 3,808,304,
35 the disclosure of which is incorporated by reference
herein. This disclosure teaches blends containing from 30
to 90 weight parts of polypropylene, and correspondingly,




| ayer of the multilayer filmof the present invention nust provi de
sufficient operability so that the filmafter 5 bi axi al orientation
exhibits crystallinity which'is low enough to permt the secondary
orientation of the film . which inparts the uniaxial shrinkability to
the film W thout tearing. The core |ayer material can be a single

pol ypr opyl enewbosrsased yner material which is sufficiently 10 perrésheoidss and
whi ch has a specific nelting point, as determ ned by the DSC

(Defferential Scanning Calorinetery) --g-- nMethod, e.g., at a heating rate
of 2[err]C/ m nute. Alternately, the core |layer material can conprise
a bl end freom Fonbteeld sweight paxtisy pfopolrbutene+l odEuitabdenhi ch are 15

pol yol ef i n Mycayba§1ehes NiMcTude D Ba89!, 2hih 180bfe Ottfor Bla11 hi gher
degree of chgjn i régctl i sotacticity. urtabl e DSC
h

gr}i or, o
mel ting poi nt _ toPE HoRakon, TXsqed or not, can be | ess than
160[err] C, e.g., MEpsyethamotliexX aaspedt of sheninventidms<thehaoreidhger] C. 20

L0121 Sk tBeisBio oty 16 U debltlhed"aboe, f¥iqtlfolVOI 1102
ot her than isqtac pol ypropyl ene. |

t he group coﬁ’:ﬁ‘%f’lchéco?‘ﬂ%’gg’é][%'i @%HF’%&W&‘Q‘%‘@H‘!&YM&

pol ypr opyl eneopolymercunpgitier prexg: ci2e toopol vhdrethy and-propylenecne

copol ymer, 2%opolymbY|, cppe Périivl et/ @88 ESHPbYSHmer 0! fﬁg&%ﬁ?e’ and

e O I R et S Captatn 2o 2 Foud Sutdht perne O 1
i nper f e i onethydenge thei balanes tbeirigrprppylenat atThe Sipolymargstahl i nity.
The desired tiatal @ Walt! Indiei 46 356% Gandtally radd¥hdifbedy! ¥o0ibent ed
filmduring Zggﬁﬁgﬁgé 3&}82t91£0 at S%%iifn evels o rea&ef t han
30% or gr eat ¥os ‘é.n‘b'. , The £5Ys esLting ® Bsotactic
usually from 125°C to 150°C, and the number average :
molecular weight is 25,000-100,000. The density is
is preferably from 0.89 to 0.92 g/cm’. Suitable E-P copolymers
include EP 8573, available from Fina 0il and Chemical Co.,
Chemical Div., Dallas, TX. -
In still another aspect of the invention, the core
layer is a blend of polypropylene as described above,
20 preferably isotactic polypropylene, mixed with 0 to 10 wt%
ethylene-propylene copolymer, said copolymer preferably
being 50 to 100 wt% E-P copolymer which contains from 0.5
to 1 wt% ethylene, the balance being propylene. These
fractional copolymers are commercially available as ready-
25 mix resin containing 0.6 wt% ethylene (4173 from Fina).
In another aspect of the invention, the core layer is
a blend of polypropylene as described above, preferably
isotactic polypropylene, mixed with propylene-butylene
copolymer. The core layer can comprise 5 to 20 wtg
30 propylene-butylene copolymer, preferably 10 to 20 wtt.
Suitable propylene-butylene copolymers include Cefor
SRD4-105, and Cefor SRD4-104 available from Shell Chemical
Co. The core layer can comprise 5 to 20 wt$ of said
propylene-butylene copolymer as modifier.
3s In yet another aspect of the invention, the core layer
' is a blend of polypropylene as described above, preferably
isotactic polypropylene, mixed with linear low density




pol ypropyl ene, i e., polypropylene having | ess than 5% 35 atacticity,

say less than 3% atacticity, can be conbined wth a nodifier, e g.
atactic polypropylene, to provide a surtable core lTayer. Atactic
content can be neasured by a WO 96/ 33864

PCI./ US96/ 03448 polynmer's insolubility in boiling n-hexane with
-chain v es/$3864 | ons bei ng observed via NWR tests. PCT/US9s oS4 NE
aspect of the present invention, the nodifier, e.g., atactic
polypropyl ene, is added to the core wAz&= anounts sufficient to provide a
core |l ayer having an overall atacticity greater than 2% preferably

great er t hapolyethydenegr (LLRRE).haTheseopolyners typigaldy, have acmglt 6 to-

15% For prenaei 88 POEES10A! At 1 iMeh¥PLERYAGHSL A a@etna@eg.rbaig i fi)tleSg/f
0 0

0 0
2% alcte ?it pé%‘bf’ﬁé@r gﬁagls%r&%lgfﬁzgnliée %Fgﬁﬁ égsﬁﬂa' g‘(ﬁtﬁfcgr added to
i sotactic pprefevpblync0isn-0.92 groent sThechineaxr Xdw depmiityi ng ni xture
conpri $es 1@ohgetflylenes hag At derdvied ¥RORP¥ né thgether ¥igh W %
Preferably. oener!Rihhes Ccdfiononts’ shon” 3’ BREENE SIS ndilertdy Qi 1° v %
octene~l. The core layer can comprise 2 to 15 wt% LLDPE,
preferably 5 to 10 wt% LLDPE. Commercially available
LLDPEs include Exact 2009, Exact 2010, and Exact 3016
10 available from Exxon Chemical Co.

In a particularly preferred embodiment, the core layer
is a blend of polypropylene as described above, preferably
isotactic polypropylene, mixed with syndiotactic
polypropylene and, optionally, ethylene-propylene

as copolymer. Syndiotactic polypropylene can be present in
the core layer in amounts ranging from 2 to 10 wt%, say, 4
to 8 wty, preferably 4 to 6 wt%, with 0 to 40 wt% ethylene-
pPropylene copolymer, preferably 0 to 20 wt$ E-P copolymer.
Suitable E-P copolymers are described above. The presence

20 of E-P copolymer improves MD tensile strength in the
secondary orientation step. However, E-P copolymer content
must be carefully determined inasmuch as the presence of E~
P copolymer can cause undesirable film elongation even at
lower temperaﬁures. e.g., 60°C (140°F) drying temperatures,

25 vhich elongation can cause registration problems during
converting processes such as printing.

The syndiotactic polypropylene used as a modifier in
the present invention can possess an isotacticity of less
than 15%, in particular less than 6%. The mean length of

30 sequence "n, of the syndiotactic sequences is preferably
greater than 20, more preferably greater than 25. The
molar mass distribution corresponds to the relation - S

M, =k x M,

where
3s M, stands for the weight average of the molar mass
distribution, '



15 atactic pol ypropylene (15% atacticity) and 85 w % i sotactic

pol ypropylene (of 4 to 5% atacticity) are especially preferred.

A suitable atactic polypropylene for use in tfhe - préesSent i nvent ironhas
an atacticity of 15% which can be 20 added to isotactic pol ypropylene to
provide a core m xture containing 15 wt % atactic pol ypropyl ene

t her eby i ncr &%e peiapsed overall core atacticity by 2.25 w %cTus9sn3sds
Commercially available isotactic propylene suited to use in the
pr€sent invention includes Fina 3371 m=e@m=Fi na 25 G|l and Chem cal Co.
Chemcal Dv., Dallas, TX. Atactic pol ypr opyl enes which are

comercial |y avai Mapstandg fer the nupbepcavemageniolthe BblaASKAGS! . |
Par si ppany, Nistribution andn anot her enbodi nent, the present i nventi on

enpl oys a co&eigaxe?a‘\g@&;hw“ |ss%%tg%e§péoa%+ege as t&ﬁ r.i bed 30

above, preferably™i Sotacirc pol 5py ene tyl ene
modi fier to fReseen 2 éEﬁe3+ayer containing 2 to 15 wt % pol ybut yl ene,

preferaldy 5 to l@ne¢t Weight eéyays Bdldeliﬂ'efSH'hbﬂf Between 60, ocoro ana! inUS.
gglypgog%geg%{ﬁg&gw %[heﬁg}-é% o]é?ﬁe ﬁsog ‘ﬁf‘ﬂ’ ef erence
herein. This ‘!ﬂ%P@éGFemﬁéﬁeﬁe%mblhmdbt@Gmaﬁﬁl ﬂgco (to cusmaw wei ght
parts of pol ywathedsenef théséprlns Waitdioddbf, gel permeation
chromatography has proven to be particularly suitable.
10 Commercially available syndiotactic polypropylene
resins suited to use in the present invention include EOD
9306 and EOD 9502 available from Fina.
In yet another aspect of the invention, the core layer
is a blend of polypropylene as described above, preferably
is isotactic polypropylene, mixed with ethylene-propylene-
butylene terpolymer as modifier. The core layer can
comprise 5 to 20 wti of the terpolymer. Suitable
terpolymers include those containing 3 to 5 wt% ethylene
and 3 to 6 wti butylene. Such terpolymers are available
20 from Chisso, under the tradename Chisso 7700 Series. Other
suitahle ethylene-propylene~butylene terpolymers include
those containing 0.5 to 3 wtt ethylene, and 13 to 20 wt%
butylene. Such terpolymers are available from Chisso,
under the tradename Chisso 7800 Series.
2s Suitable core layers of the present invention can
comprise recycled'polypropylane (RPP), e.g., up to 25 wt$%
RPP, preferably up to 15 wt%. RPP.
The core layer of the present invention may also
comprise a plurality of voids formed by cavitation about a
30 solid cavitation agent. Polybutylene terephthalate, e.g.,
in amounts comprising 4 to 8 wt% of the core layer, well-
dispersed as fine spherical particles, e.g., 0.2 to 2
microns in diameter, as described in U.S. Patents
5,288,548, 5,267,277 and U.S. Pat. 4,632,869, the contents
3s of which are incorporated herein by reference, is a
suitable cavitation agent. The spherical particles form
microvoids on orientation, resulting in a white opaque
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--6-- from70 to 10 weight parts of pol ybutene-1. Suitable

porybutyrenes 1 nclude PB 8430, avail abl e Trom Shell Chem cal Co. of

Houst on, TX In yet anot her aspect of the invention, the core
| ayer 5 conprises pol ypropyl ene as descri bed above, preferably

i sotactic polodeisasl ene, m xed with et hyl ene-propyl ene PCTIAUSDE3MIE T
nodifier, e.g., 2 to 10 wt % et hyl ene- propyl ene copol ynmer, preferably

3 1:0 10 wt % E- P copol yner. Suitabl e ==g=« E-P copolyner can contain from 2
to 7 weight percent 10 et hyl ene, the bal ance bei ng propyl ene. The
copol yners @xeduct. 8uch a ¢ere layesxcan fuother|comprisea y ranging from

2 to 15, peiR aﬂkyeérwﬁu%r%pﬂbﬁecausmél&ﬂebmi tgid@spoEnt is
f?SLe

PR ARTRAR: Bovsh. as ket e, B opdd AGRE ARIHng 40 t5": o0 5

weight is 2
g/cnferr]. ISUH&&bﬂ'dOE, Pmme;rmpscriptiomm: wnchEmses pE TAQzt | abl e from

Fina Qg an@oﬂ%ﬁ&hﬁﬁb £a ers is rddiNieAlu. B, VPatDaklwl 2P, the I'n

stitl anot her f i nvengion, th a bl end of
pol ypr opyl eﬁ"l?“g?%%' 82 o} éicﬁbm nEETPox 6?’ ef‘&ﬁﬂﬁ‘ g%t’é%%’é '}ﬁﬁ *ypropyl ene,
m xed wi th Oncorporation of shiﬁnylaxa;:qomp;‘l the suppdybing layerscopol yner
preferably gerw esb%bnanéa 91&99 me@ésr%sqwlrm;g ﬂm;%vqaahaans fromo0.5

Egpé%ﬁ?t%ﬂaﬂmmr? § Tovay SARRGER HES 5ol

e mu%;&}q¥gﬁ t ai ni ng
0. 6 wt 38 et hjliashdnprovedf functionglity for printﬁnganmghgtlxg*ngi of the

i nvention, tdyhexivas,2%datifigs, and heat sealability. Alternatively,

clear five layer structures can be prepared by substituting
a supporting layer of polypropylene on both sides of the
core, which layer does not contain opacifying materials.

1s The opacity and low light transmission of the film may
be enhanced by the addition to the core layer itself of
from 1% by weight and up to 10% by weight of opacifying
compounds, which are added to the melt mixture of the core
layer before extrusion. Opacifying compounds which may be

20 used include iron oxides, carbon black, graphite, aluminum,
Ti0,, and talc.

A 30 micron polygage, clear film equivalent, white

opaque film described above will have a density of 0.6 to
0.75 g/ce, an'optical-cavitated thickness gauge of 36 to 45

25 microns and light transmission of 15 to 25% depending on
percentage of PBT dispersed and the orientation conditions,
including the extent of stretching as well as MD and TD
orientation temperatures.

The aforementioned blends of propylene and other

30 constituents noted above may be admixed by any suitable
means to form a homogeneous blend, such as dry mixing,
solution mixing, or mixing the two polymers together while
in a molten state or combinations thereof.

Skin Layexr :
3s ' The skin layer of the present invention may be any of
the coextrudable, biaxially orientable heat shrinkable



a blend of polypropyl ene as descri bed above, preferably | sotactic
pol ypropyl ene, m xed wi th propyl ene-butyl ene copol yner. The core
| ayer can conprise 5 to 20 Wt % 30 propyl ené=but yl ené copol yner
preferably 10 to 20 wt % Sui t abl e propyl ene-butyl ene copol yners

I ncl ude Cef or SRD4- 105, and Cefor SRD4-104 avail abl e from Shel

Cheni cal wo seBasshhe core |ayer can conprise 5 to 20 W % @brfiRbdbauas
propyl ene- but yl ene copol yner as nodifier. 35 In yet anot her aspect

of st he invention, the core |ayer -=-10=--2 bl end of pol ypropyl ene as
descri bed above, preferably I sotactic pol ypropylene, mxed with
li near | ow deﬁﬁwoming resins knawd 4oy $Becprior art. Such materials

PCT/ IUtS%/ 0344&c§.ude mosaohﬂﬁéméﬁ‘%mmgbf& e?\i’ﬁl. jnal Iy have
Shoul d have a"l‘{]feer?EFFy 1PX°Fne9?'éHb°§“t§ gessa §gch§gfl Zopy 1;%'&5 Pé’ggsic
? 89- Otﬁyzl g/n mlmrzhpytsasuhpomlqne Elezgeﬂyﬂiﬂylmmumdm:sdgm \e/ﬁg .
et s G A B s S T AT
addition, polyethylene or ethylene-propylene-butylene
terpolymer may be employed as the skin layer.
Ethylene~propylene-butylene random terpolymers suited to
10 use in the skin layers of the present invention include
those containing 1 - 5 weight percent random ethylene, 10 -
25 weight percent random butylene. The amounts of the
random ethylene and butylene components in these copolymers
are typically in the range of 10 to 25 percent total
s (ethylene plus hutylehe). Typical terpolymers of this type
include those with 1 - 5 percent ethylene and 10 - 25
percent butylene.

These copolymers typically have a melt flow rate in

the range of 5 to 10 with a density of 0.9 and a meltihg
20 point in the range of 115° to 130°C.

In one aspect of the invention the skin layer is
derived from a linear low density polyethylene (LLDPE).
These polymers typically have a melt index of 1 to 10. The
linear low density polyethylenes may have a density as high

25 as 0.94, usually in the range 0.90 - 0.91, e.g., 0.92 or
0.91, with a melt index from 1 to 10. The linear low
density polyethylenes may be derived from ethylene together
with other higher comonomers such as butene-l, hexene-1 or
octene-1. |

30 Each skin layer adjacent to the core layer can range
in thickness from 0.5 to 3 microns (.02 to .12 mil),
‘preferably 0.5 to 1.0 micron (.02 to .04 mil), e.g., 0.5 to
0.75 micron (.02 to .03 mil).

Prior to incorporation in the film, e.g., before

3s extrusion, at least one of the skin layers can be
compounded with an anti-blocking effective amount of an
anti-blocking agent, e.g., silica, clays, talc, glass, and



preferably 5 to 10 wt % LLDPE. Commercially available LLDPEs i ncl ude
Exact 2009, Exact 2010, and Exact 3016 10 avai |l abl e from Exxon_Chem cal

Co. In a part|cu|arly preferred enbodi nent, the core |ayer

is a blend of polypropyl ene as descri bed above, preferably i sotactic
pol.ypropyl ene, m xed with syndiotactic pol ypropyl ene and, optionally,
et hyl ene- pr opgbesssedl 5 copol yner. Syndi otactic pol ypr opyl RCEUSS/03448
present in the core layer in anounts ranging from2 to 10 wt% say, 4
to:8 w% preferably 4 to 6 w% w th<3¥=e 40 W % et hyl ene- propylene

copolynmer, preferably O to 20 wt % E- P. copol Suj t ab
copol yners aitBedddke| Waich Axs: PrAfergPlycRE éggﬁed in,ithe ? rrer

i nproves MD hppsakmtémgsﬁnemm particiesondrhe njmmpmrtibap
However, E- P GORRbY _ aff&@f§g for exgﬂiiebeaﬁfﬁﬁif&|ﬂnﬂ§hﬂﬁ@ %ﬁﬁn‘”aS”UCh

as the presence o (go can cause undesi raigl ?
el ongati on ehddfato as highas % H&P&Feﬁ o°F B 1(?&0? rr]F)
dryi ng tenpesakchr assizé thau\/rsténifﬂimagtt portien ofivtkeir guxtfiaxe arepr,obl ens

dur 7 ng tq,wmgﬂg o PERGE ST %" 44 pRe ik "bhifeot, will extehde

syndi otacti c pol ypro e use Ler In e present
i nventi on cabeyshdet °aﬁxP%§k4u§qR§QSP of thesskin 1a¥?ﬁn1 @@ in particul ar

| ess than 6%préfertednehbogimernt, he antﬂqb&bcking[aqeﬁt(ﬁomﬁnisgpndiotactic
S5 The | S iiEpBitible siLtodid Medin, gty pbEfcRl @4‘3%‘*.'%2%@ than
M = k & er hydrocarby}nepkstituted P°1M5é11P]"an§Fand§‘m Bei ght aver age
of the nol ar preferred pagtittidte ic¥oss-1inked hydrocarbyl-substituted
polysiloxanes include the polymonocalkylsiloxanes. Most
particularly preferred are non-meltable
polymonocalkylsiloxanes characterized as having a mean
1s particle size of 0.5 to 20.0 microns and a three
dimensional structure of siloxane linkages. Such materials
are available from Toshiba Silicone Co., Ltd., worldwide,
and in the United States from General Electric Co., and are
marketed under the tradename Tospearl. Other commercial
20 sources of similar suitable materials are also known to
exist. Such materials are further described as non-
meltable crosslinked organosiloxane resin powders in U.S.
Patent 4,769,418. Effective amounts of the particulate
cross-linked hydrocarbyl-substituted polysiloxane anti-
25 blocking agent can fange from 100 to 5000 ppm, preferably
1000 to 3000 ppm, say, from 2500 to 3000 ppm, based on
loading of the resin from which the upper layer (c) is
prepared.
Reduced coefficient of friction and reduced antistatic
30 characteristics at the surface of the skin layer or layers
can be achieved in accordance with the disclosure set out
in U.s. Pat. 5,264,277, which discloses the use of
migratory slip agents and antistatic agents in multilayer
films. Reduced COF may also be obtained by treating one or
35 both skins with 2000 to 15000 ppm silicone oil.
If desired, the exposed surface of the skin layer or
skin layers can be treated in a known and conventional
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Merr] stands for the nunber average of the nolar nass di stribution
and -k is7a factor Which 15 between T and 5, preferably '
between 2 and 3. 5 : The wei ght average is preferably between 60, 000
and 250,000, in particular between 90,000 and 160, 000. The mean
nol ar nasseswapgsss4det ermi ned according to custonmary POEUBSE34480f

t hese, the nmethod of gel perneation chromat ogr aphy has proven to be
particularly suitable. 10 Commea@== | y avail abl e syndi otactic

pol ypr opyl ene resins suited to use in the present inventi.on include
ECD 03WannAY, EeEY 950X LanandBdschakge; @ improve its | yet anot her

aspect of theecapetiey. Di¥ing dnks, coatings A ddhewivel apchupagey! ene

t&é;i
as descri bed ve, e ' t] %&E$ W th
_ ethylene-proﬁ@pZRg-igg LE{ u %iéﬁia:Fgfgg yn%ﬁbgg*%%g?gﬁgk. tgkég e | ayer
can coperationscasolap iothe terpolymer. Suitable

terpol yners incluge §Boprefériéd tinag allolayutdosof tHenmltilayegndifmt o 6

Wt 96 but y1 ene e SueBLLLPRLYORL Sy alfart Irvalib oA lbe cSGABUINS S Geelpder the

tradenane Chi's
which the film can be biaxially oriented (primary

orientation) and thereafter secondarily oriented in the
direction in which shrinkability is desired. Coextrusion

10 can be carried out in a multilayer melt form through a flat
die.

Primary orjentation
The multilayer coextrudate film can be primarily

oriented biaxially. Biaxially oriented film can be

1s stretched 3 to 6 times, preferably 4 to 5 times in a first
direction, preferably the machine direction (MD), and 5 to
10 times, preferably 7 to 8 times in a second direction
which is substantially normal to the first direction,
preferably the transverse direction (TD). Biaxial

20 orienting can be carried out using a conventional tenter or
stenter machine at a dfawing temperature of 100° to 140°C,
e.g., 130°C. Generally, biaxial orientation temperatures
differ for MD orientation (115° to 130°C, e.g., 120°C) and
TD orientation (130° to 160°C, e.g., 150°C). Film thickness

as at this stage can range from 25 to 75 microns (1 to 3
mils), preferably 25 to 50 microns (1 to 2 mils). Cooling
of the film to temperatures below 100°C occurs prior to
secondary orientation.

Secondary Orxientation
.. 30 The primarily oriented film is then reheated to 100 to
) 125°C, say 110 to 115°C, preferably by use of heated
cylinders and stretched an additional 10 to 40%, preferably
25 to 30%, in the first direction of orientation, e.q.,
machine direction (MD). In order to minimize compressive
35 stress which can adversely affect second direction heat



sui t abl e et hyl ene- propyl ene-butyl ene terpol ynmers incl ude t hose
containing 0.5 to 3 w% ethylene, and 13 to 20 Wt % butyl ene. Such
terpol ynmers are avail able from Chi sso, under the tradename Chisso
7800 Series. 25 Suitable core layers of the present invention can
copypri se recycl ed pol ypropylene (RPP), e.g., up to 25 wt% RPP
preferably uWO®e3ImE4 WM % RPP. The core layer of poPUsIeRs@Bt

i nvention may al so conprise a plurality of voids formed by cavitation
about a 30 solid cavitation agent.--f¥daybutyl ene terephthalate, e g.

in amounts conprising 4 to 8 w%of the core |ayer, well- . di spersed
as fine sphemstabiljty,ielgs, TP hpat Gtabidity, it isidesixable dicaneter, as

described in pdiptafal 8NhEnimal dfht.%&f%éﬂ%twﬁeﬁ%& :? P rd1dl(s)

4,632,869, the copntents of lch a cor erein
reference, | 8§ the c°§ﬁi?%&ﬁ§??§ﬁgiﬂi ﬁié g SARAMABRY particl es
form mozientatdonn osuehndﬁstancesecahtbaglensatntntxn<qmaqueg.,
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product. Such a cgre | bURLL£5) dnfe a1y $CIREiSRab1e £iin after

secondary orientation can range in thickness from 10 to 60
microns (0.4 to 2.4 mils), preferably 20 to 40 microns (0.8
to 1.6 mils).

10 Simultaneous orientation

The films of the present invention can also be
prepared by orienting on a line which utilizes linear
motors to directly propel opposed pairs of tenter clips
synchronously whereby primary orienting by simultaneous

s biaxial orienting is effected by accelerating along a
diverging path directly opposed pairs of tenter clips
holding the film. In other words, the film can be
primarily oriented by synchronously accelerating along a
diverging path, directly opposed pairs of tenter clips

20 holding the film.

Secondary machine direction orientation on the same
line can be effected alohg a parallel path subsequent to
the diverging path by simultaneously accelerating the
directly opposed pairs of tenter clips along some portion

23 of the parallel path. In other words, the film is
secondarily oriented by synchronously accelerating along a
straight path, directly opposed pairs of tenter clips
holding the film.

The film can be further stabilized by heat setting and

30 annealing and subsequent cooling before leaving the tenter
frame such that the resulting film will have good machine
direction stability at temperatures less than 100°C and
shrinkage at 25% or more at 135°C or greater in the machine
direction and good TD direction stability at 135°C or

as below, e.g., less than 5%.



supporting |l ayer of polypropylene on one or both sides of the core
with at | east one of said |layers containing 4 to 15 % TiJerr].
Further description of such use of TiJerr]-"5 containing |layerS 1s tound
in US. Pat. 5,091, 236, the contents of which are incorporated herein
by_.ref erence. | ncorporation of skin |layers over the supporting |ayers

serves to enqapsgdagdsc the abrasive Tigerr] and provides a pcr/ushégadsy
opaque, five layer structure. The nultilayer film 10 has i nmproved

fupctionality for printing, netallizilgygee adhesi ves, coatings, and heat
sealability. Alternatively, clear five layer structures can be
prepared by subst iThet use of limear moharando divectly prgpelotidnties on bot h

1500 O (Thsiips b Gee ﬁﬁfcﬁﬁﬁ"%"‘s Hisuing berouabiny | 18 Mhethet! | 0.
enhanced by t‘”é)cjtﬂﬂeﬂ gﬂ Pes br’ﬁp'l gyérrg ?9& o flommes, f?rgomal'% by WEI ght
and up to 10% by \mleglmsuﬂ.thpgcuﬁ:yaxi.pny shxinkebiesfilmiattaer e added to
the neltgm xt @orﬁaty"% eh€ation. ﬁ}/%&e Ir%etﬁx&fcuawnfr@afd fed 29

conpounds mhlc use | car bon, bl ack,
graphite, 8, (0.4 $pRef r']‘ 18}, RXafe rag)i 58 ¢5 O miFTans o

pol ygage, cI ceo. & itonlagumidBnt, white opaque fil m descri bed above
will have a density of 0.6 to 0.75 g/cc, an optical-cavitated

t hi ckness gau of 36 to 45 m crons and light transm ssion of 15 to
25% dependi n of PBT di spersed and the orientation
condi ti ons, The Inesiudg ingeuniaxinlly shrinkablegfilmvwefterns MD and TD

ori ent aghon tSEBGIAY Srientation 1&&@“&%{) ek88geisk! 60500 ty 0y! ene

and other 30 _ constittuents, not eq a ove _nma m Xeo g’ %ble
means to for nt4P Hondi¥nedds Bt e?fEP“:ﬁfcM n???fﬁfab Y9
m xi ng, or mX8%g 20%, tow qyehygteatengﬁt\mrzsmlminkage in the

direction of secondary orientation, e.g., machine
direction. Shrinkage is determined by measuring the

1s difference of sample length before and after placing the
sample, unrestrained, in a 135°C oven for 7 minutes.

Shrinkage in the direction of secondary orientation

preferably occurs with minimal variation in the direction
normal to said secondary orientation, e.g., transverse

20  direction. Such variation or stability can be described in
terms of the change in length of the multilayer film in the
direction normal to the secondary orientation and can
include both expansion and shrinkage as a percentage of the
dinmension prior to heat exposure. The present invention's

2s films can exhibit 5% stability, preferably +3% stability,
or even +1% stability in the direction normal to that of
secondary orientation. Stability of i+5% means that the
dimension of the film normal to the direction of secondary
orientation, after heating to 135°C (275°F) shrinks or

30 expands no greater than 5% of the original dimension of the
£ilm at room temperature.

Elongation at Lower Temperatures
Another parameter of interest is the resistance to
stretching or dimensional stability of the film after
as secondary orientation in the direction of secondary



in a nolten state or conbinations thereof. 35 The skin layer of

the present invention nmay be any of t he coextrudable, biaxially

ori entabl'e heat shrinkable WD 96/ 33864

PCT/ US96/ 03448 --10-- filmform ng
resins known in the prior art. Such materials I ncl ude those discussed
above whi chworss/3ssédt ed to use in the core layer, inclraiiusgén3des actic
pol ypropyl ene, atactic pol ypr opyl ene, pol ypropyl ene bl ended with
pol:ybutyl ene, 5 propyl ene- butylenelaupolyner and ethylene propylene

copol yrmer, including fractignal E-P copolyner ﬂﬁ
pol yet hyl enéﬂeﬁﬁﬁal‘ﬁhé-*plaﬁﬁygéﬁPBUt dommon PEPEBESHRY may be
enpl oyed as ems&ddnd,ayalg., print Eitying ctemperaturesbofy5éhcto H6fem

notude - Egoks A58’ BEEreRI G ANER, T B e e T
25 wei ght peb@ Provide d’m‘m}t‘}&é %ﬁ%‘??rf? ﬁf‘ 1s r?ﬁ%ﬁmfet hyl ene
and but;lenetoosmﬁng!ttbn|nﬁa0tstheopehqﬁums 17.8 to 178 g per cm (0.10
‘ to 1.0 pli (pounds per linear inch)), preferably 134 g per
linear cm (0.75 pli), and temperatures normally encountered
by the f£film during processes prior to thermoshrinking,
e.g., drying after printing. To avoid registration
10 problems during printing, MD elongation at 134 g per linear
cm (0.75 pli) should be less than 0.6% at 60°C (140°F),
preferably less than 0.4%. MD elongation is generally
reduced and is thus less of a problem as secondary
stretching (MD orientation) is increased.
1s Especially preferred films of the present invention
show minimal MD elongation and TD shrinkage at processing
temperatures of 60°C and 134 g/cm (0.75 pli), and maximum
MD shrinkage at temperatures used to effect shrinkage,
e.g., heat tunnel temperatures of 127° to 141°C (260° to
20 285°F), preferably 135°C (275°F) or higher, depending on
residence tinme.
The invention is illustrated by the folluwing non-
limiting examples in which all parts are by weight unless
otherwise specified.

2s EXAMPLES

Example 1 _
Isotactic polypropylene (MP = 160°C (320°F), melt index

= 3), is melted in an extruder with a screw of L/D ratio of
20/1 to provide the core layer. A second extruder, in

30 association with the first extruder, is supplied with an

o ethylene-propylene copolymer (2% ethylene conggnt) to
provide the skin layers. A melt coextrusion is carried out
while maintaining the cylinder of the core polymer material
at a temperature sufficient to melt the pclymer mixture,

3s i.e., from 232°C to 288°C (450°F to 550°F) or higher. The
E-P copolymers in the second extruder to be extruded as



are typically in the range of 10 to 25 percent total 15 (et hyl ene pl us

butylene). Typical terpolynmers of this type i nclude those with 1 - 5
percent ethylene and 10 - 25 percent butyl ene. These
copolynmers typically have a nelt flowrate in the range of 5 to 10

W t:h a density of 0.9 and a nelting 20 point in the range of 115[err] to
130[err]C. W096/33864 | n one aspect of the invention the skiPCTIUS96034485

derived froma linear |ow density pol yethyl ene (LLDPE). These
polymers typically have a nelt index-efage=~t 0 10. The | i near | ow
density pol yet hyl enes may have a density as high 25 as 0.94,. usually in

the range 0. skin dagerscare mainyaiped at aboub itheyisape; temperpkuce asom 1
to 10. The | kh@apol@propylend tised inPehyeibat g t@tdie dayercd them

et hyl ene toget her W t her high oer C ene- 1,
hexene-1 or %.Q °°38}¥ﬂﬁflqézﬁ}°‘%ec°ng E%E%8§€$Hﬂ¥a é?uﬁgf%%égpgto the core
| ayer can rasgzeams tojenable thes formapionsof oskinikavers enogael 12 nil),
preferaly y Oguaricacéd 8£'tRé Gorte Qayer. OAsNinhy, bé . fpprétiatied by thofle’5

moron (02 W38T} tue et ratne, o' Bt PECLRE G4 Bl UF Fho™
conpounded wisecond sxtrudencinte taf streansanduthizd extruder ceuif beocki ng
agent, e.g., ued €8 sGppYf tiéldecdid@skindlldyer. Such an arrangement
would be desired when the material used to form the second
10 skin layer is varied from that of the first skin layer,
when the thickness of the second skin layer is varied from
that of the first skin layer, etc.
A three-layer film laminate was coextruded with a core
thickness representing 95 percent of the overall extruded
is thickness, with the thicknesses of the skin layers
representing 5 percent of the film thickness. The
unoriented film measured 1.3 mm (50 mils) in thickness.
The resultant film sheet was subsequently oriented 4.5 by 8
times using a commercially available sequential biaxially
20 orienting apparatus to provide a multi-layer £ilm
structure. The machine direction (MD) orientation is
conducted at 127°C (260°F) and the transverse direction (TD)
orientation is conducted at 149°C (300°F). The resultant
film is thereafter collected or secondarily oriented by
-1 stretching on a heated roll (230°F) directly after the TD
orienter. Samples are collected which are secondarily
oriented by MD stretching at 0%, 10%, 20%, 25% and 30%
based on secondary orienter settings (roll speed). The
resulting samples were tested for dimensional stability at
30 107°C, 116°C, and 135°C (225°F, 240°F, and 275°F), haze (%
' light transmission) and evaluated with respect to
- operability, i.e., the tendency of the film to split or
otherwise fail while undergoing secondary orientation. The
results of the tests are set out in Tables 1 and 2 below.
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--11-- the Iike which are_preferably provided in the form of
approxi mately spheroidal particles. The najor proportion of these
particles, for exanple, anywhere from nore than half to as high as 90
wej.ght percent or nore, will be of 5 such a size that significant
portion of WRPG338&4 f ace area, for exanple, from 10 tdPCEUS9DIIdHt
thereof, will extend beyond t he exposed surface of the skin layer. In
a preferred enbodi nent, the ante=fifeeki Nng agent conpri ses

non-nel table silicone resin, e.g., particulate cross-1linked 10.

hydr ocar by| -ExXRaRk&-& ed pol ysi | oxanes. Particularly preferred

Fﬁre tlglul ?r:) ﬁocrossm&amih%d 1hﬁd§093§baie&lﬁgﬁéﬁcﬁﬂmit the Hzeiyﬁi-éwmﬁs i ncl ude
I cu
non- Ironel %/abl eé‘y%ﬂ cﬂ%n@%%&#@?é ?8%3%"2%& ﬁ"@?&l ﬂbea mean 15

particle siZBrepykene coprdypeni (Fins ErR 857%3)rce di mensi onal structure
of sil oxane Ilnkages. Such material s are avail abl e from Toshi ba
Silicong Co. . or | dw de, and in the United States from General
Electric Co.% mar ket ed under the tradenane Tospearl. O her

comrerci al 20 Exaxpies lowasi repeaated| except thatr thespelyprdpyléenmwn t o
exi st Suchofregitd ictre AageklivhBChodEBréd hsf a’ﬁi@@nxo wtt e

ERYi akd-2
i1 octi vo arbioRerae SBSIaEE (PRREES 40kl | eq

hydr ocar byl - substi tut ed ponS|onane anti- 25 bl ocki ng agent can range
from100 to @ D 1Y Rra8H Ve
10 Example 1 was repeated except that the polypropylene
of the core layer was substituted with a high crystalline,
high isotacticity polypropylene. The high crystallinity
polypropylene was Fina 3576X. The resulting multilayer
film was difficult to secondarily orient and exhibited poor
15 operability. -

Example S
Exanmple 1 was repeated except that the polypropylene
of the core layer was modified by adding 3 wtt% polybutene-1
polymer (Shell 8430).
20 Example 6
Example 1 was repeated except that the polypropylene

of the core layer was modified by adding 5 wt% polybutene-1
polymer (Shell 8430).

Example 7

25 Example 1 was repeated except that the polypropylene
of the core layer was modified by adding 10 wtt polybutene-
1 polymer (Shell 8430). s

Example 8
Example 1 was repeated except that the polypropylene
30 of the core layer was substituted by fractional copolymer
of ethylene and propylene (0.6 wt% ethylene) (Fina 4371).




1000 to 3000 ppm say, from 2500 to 3000 ppm based on | oadi ng of the

resin fromwhich the upper |ayer (c) is pr epar ed. Reduced
coefficient of friciton and reduCced antistatic 30 characteristics at the
surface of the skin layer or |ayers can be achi eved in accordance

wi t.h the disclosure set out in US. Pat. 5,264,277, which discloses

t he use of woosdikglr atory slip agents and antistatic agent oriusssisidg ayer
films. Reduced COF nay al so be obtained by treating one or 35 bot h ski ns

wi th 2000 to 15000 ppmsilicone 0il. cegjge= | f desired, the exposed
surface of the skin |layer or skin layers can be treated i.n a known
and conventi inple 9 WO 96/ 33864

PCT/ US96/ 03448 Example 1 was repeated excegt that {fhe isotaddlWer. € 0.,
by corona di schargé |nprove

tIVIti io printing inks,
coatings, adiROXYRropydepe,gf the corgdayer, wassupgibied By ithe sych

subsequent rﬁuadiﬁﬂua'bﬂgatactiepﬁmxypnupyxand qmsaaatsutiéity) to It is
preferr e| nveﬁr 4 %Y%&t%a g&%ﬁir{@w vt Btactic sﬁéiﬁ;ﬂ:ﬁﬁﬁﬂe the

pr esent e coex
Navolen 11300, availahle from BASF).

Example 10
Example 1 was repeated except that the isotactic
polypropylene of the core layer was modified by the
10 addition of atactic polypropylene (15% atacticity) to
provide a mixture containing 50 wt} atactic polypropylene
(Novolen L1300, available from BASF).

Example 11
Example 1 was repeated except that the isotactic
15 polypropylene of the core layer was modified by the
addition of atactic polypropylene (15% atacticity) to
provide a mixture containing 15 wt% atactic polypropylene
(Novolen L1300, available from BASF).
These examples demonstrate that films whose core
20 layers are comprised of polypropylene having low inherent
crystallinity, or polypropylene modified by addition of
atactic polypropylene, polybutene-l, E-P copolymer, or
fractional E-P copolymer, so as to provide a core layer of
lower crystallinity, can be effectively secondarily
2s oriented to provide uniaxially shrinkable films acceptable
dimensional stability along the other axis.

Examples 12 to 37
Core: For this series of experiments, isotactic
polypropylene (MP = 160°C (320°F), melt index = 3), Fina a

30 3371, available from Fina, is employed as the isotactic
propylene homopolymer component of the core layer. In
Examples 12 to 19, 21 to 24, and 32 to 37, modifiers such
as syndiotactic polypropylene alone, ethylene-propylene
copolymer alone and mixtures thereof are added to the core



which the filmcan be biaxially oriented (primary - orientation) and
thereafter secondarily oriented in the direction in which

sArinkabi 11ty 15 desired. Coextrusion 10 can be carried out in a
multilayer nmelt formthrough a flat di e. The mul til ayer
coextrudate filmcan be primarily oriented biaxially. Biaxially
oriented filwoegsmsee 15 stretched 3 to 6 tines, preferabpgrussisnl4sti nes
in a first direction, preferably the machine direction (MD)), and 5 to
10:times, preferably 7 to 8 tinmes in=s19eeond direction which is .
substantlally normal to the first direction, preferably the
transverse dimayeriim ¥in®)ancints ghowp in 'B#bb#ﬁl%ganshrf Hxedatingdteut using

a conventi Onﬁhaﬁﬁﬂéermrto 25 and Q&hﬂ?wacmneoaévﬁ ﬁspum%werature of
AP,

100[err] to 140C b Fgeﬂfﬁg%&z{ﬁﬂe Jrentation

t enper atures 1 E"ﬁ?ﬂ%? 1tq\/§g[
and TDobtained: fxom (Rize i @as dbpesyndiotagtic mxiy: engj,| m

th: c;me%s f25wn%|13t12ﬂ:ﬁ1§15§awww(&i&aniéonbﬁ%s@z 7575ﬂaﬁrrﬁ!iﬁfﬁrimt otﬁ' .
mis rere m cr.ons e r1iim
To. & hrpor at uF3Bah.( TP oY SaRdivgen, heed, 5 kige 867, dibo avasithib
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orient @ on, e.g. Example 25 relates to a film havxng a core containing
15 wty atactic polypropylene having an atacticity of 15 wt$
as modifier (Novolen 1300L, available from BASF) providing
an added overall core atacticity of 2.25 wt%.
Examples 26 to 29 relate to a £ilm having a core
15 containing 5 wt% to 10 wt} linear low density polyethylene
(LLDPE) utilizing Exxon 2009 or Exxon 3016 LLDPE, available
from Exxon Chemical Co.
Examples 30 and 31 utilize 10 wt% to 20 wt} ethylene-
propylene-butylene terpolymer modifier in the core (Chisso
20 7880, available from Chisso).
The core component(s) were melted in an extruder with
a screw of L/D ratio of 20/1 to provide the core layer. A
second and third extruder, in association with the first
extruder, is supplied with an ethylene-propylene-butylene
25 terpolymer (Chisso 7701, (3.3% ethylene, 3.8% butylene
content, MFI = 5.1)) to provide the two skin layers, one of
wvhich contains 2000 ppm Tospearl, a
polymethylsilsesquioxane non-meltable silicone resin, as
antiblock. A melt coextrusion was carried out while
30 maintaining the cylinder of the core polymer material at a
temperature sufficient to melt the polymer mixture, i.e.,
~ from 232°C to 288°C (450°F to 550°F) or higher. . The
terpolymers in the second extruder and third extruder to be
extruded as skin layers were maintained at the same
as temperature as the components used in fabricating the core
layer. The two streams of E-P-B terpolymer of the second




machine direction (MD). In order to mnimze conpressive 35 stress which
can adversely affect second direction heat WD 96/33864

PCT/ US96/ 03448 stability, e.g., TD heat stability, it is desirable
to mai ntain a mnimal di stance between the reheating roll (s) and
-the cooling/stretching roll(s) used in secondary orientation. Such

di Sttances cawgss/3bssas than 30 cm e.g., 5 5to 10 cm  PCI/US6N3448 The
resulting uniaxially shrinkable filmafter secondary orientation can
~range in thickness from10 to 60 ~=20=' 0Ns (0.4 to 2.4 mls),
preferably 20 to 40 mcrons (0.8 to 1.6 mls). 10 Si nul t aneous
Orientati on and third estxuder mnadle; thepferpatiomafmkin dayenssenpe

prepared by eachnbuffasé &f |the citeclayerli zes |inear - notors to
bt mary” ot 1 enti noRbSREPRUPRLSE Hiae, dakiingtalFas coexthiied GIUCRIHRE" LY
accel erating egs representing 95 percent of the overall extruded
5 thickness, with the thicknesses of the skin layers

representing 5 percent of the film thickness. The

unoriented film measured 1270 microns (50 mils) in

thickness. The resultant film sheet was subsequently

oriented 4.5 by 8 times using a commercially available

10 sequential biaxially orienting apparatus to provide a
multi-layer film structure. The machine direction (MD)
orientation is conducted at 127°C (260°F} and the transverse
direction (TD) orientation is conducted at 149°C (300°F).
The resultant film is thereafter collected or secondarily

15 oriented by stretching on a roll heated at 110°C (230°F)
directly after the TD orienter. Samples are collected
which are secondarily oriented by MD stretching. Secondary
MD stretch can be measured as the percentage of increase in
length of the film after secondary orientation. Such

20 secondary stretch can be reported as either i) roll speeds
of the secondary orienter (computer) or preferably, ii)
actual stretching as determined by the difference in f£ilm
speeds as measured by tachometers measuring film speeds at
the rollers before and after the secondary stretching zone.

25 Computer settings range from above 0% to 40% while actual
secondary stretching ranges (which are devoid of slippage
error) are somewvhat lower (ranging from above 0 to 30%).
Both computer and actual secondary stretch are indicated in
Tables 3 and 4. .

30 The terpolymer skin on one side of the film was corona
discharge treated while the terpolymer skin on the other
side contained 2000 ppm of a polymethylesilsesquioxane
material, Tospearl, which was added prior to coextrusion.

The resulting samples were tested for dimensional

as ‘stability (shrinkage(-) or expansion(+)) in machine

direction (MD)--i.e., the direction of secondary



diverging path directly opposed pairs of tenter clips hol di ng t he

film In other words,  the filmcan_be primarily oriented by
synchronously accel erating along a di verging path, directly opposed
pairs of tenter clips 20 hol ding the film Secondary machi ne
direction orientation on the sane line can be effected al ong a
paral | el patwossdasequent to t he diverging path by si net1wussenisas y
accel erating the directly opposed pairs of tenter clips along sone
pot-tion 25 of the parallel path. =mgiether words, the filn1is
secondarily oriented by synchronously accelerating alon . straight

pat h, direct Pyientetienpas yeil as traneyerse direcﬁ#andltwg)t pt 997¢a
The f| | m canﬂe%priﬂwr:,ﬁ"cbl(buw lpgotegt anat 275%FyNd 30 anneal i ng and

subsequent coollnﬁPbﬁéﬁgfi ghgggpiggtggs i@hﬁ gcu?ggat t he

resulting film ron s 1

t enper at ur esuping ASTH mmdulus (20090 W%tp%mrﬁoﬁecht 135[err]C
or greater | rexsh NPo)d Ny per sqiiabeCtetinéter)oOdreldidie E1bhgatsbabi ity

at 135[err]C 85 §§d Uléf&é“& fiﬂ&) l@ﬁg éggﬂlégﬁof all three metho 96/33864

PCT/U896/034
are set out in Tables 3 and 4.

MD elongation at 60°C (140°F) was measured at 44.5
grams per linear cm (0.25 pli (pounds per linear inch)),

10 89.0 grams per linear cm (0.50 pli), and 133.5 grams per
linear cm (0.75 pli). The results are set out in Tables 3
and 4. Figure 1 depicts MD elongation (%) over the range
of 44.5 grams per linear cm to 133.5 grams per linear cm
(0.25 pli to 0.75 pli) for Examples 17 and 33 to 37.

1s Figure 1 shows that elongation at higher tension (44.5 g/cm
(0.75 pli)) generally increases with E~-P copolymer content
and syndiotactic polypropylene content.

Haze (% light transmission) was measured by ASTM D-
1003 and is set out in Tables 3 and 4. Figure 2 depicts

20 haze vs. core composition for Examples 12 to 20. At high
levels of syndiotactic polypropylene alone (8%), haze is
high while addition of ethylene-propylene copolymer reduces
haze somewhat. Lower levels of syndiotactic PP copolymer

- (43%) provide acceptable haze levels which are further

as reduced by EP copolymer addition to levels below that of
100% homopolymer core alone.

Figure 3 depicts MD dimensional stability at 135°C
(275°F) vs actual secondary machine direction stretch
(MDO2)} for films having 40% EP-containing cores (Examples

30 12, 15, 18, and 20 having cores of 8% syndiotactic PP + 40%
EP copolymer, 4% syndiotactic PP + 40% EP copolymer, 40% EP
copolymer, and 100% homopolymer PP (Comparative),-
respectively. Secondary orientation (MDO2 stretch) for
100% homopolymer is limited to 19%. The greatest MDO2

3as stretch was obtained for Example 12, 8% syndiotactic PP +
40% EP copolymer, while the greatest shrinkége at 138°C



--14- - The use of linear notors to directly propel tenter

clips to effect sinultaneous biaxial stretching is further dlsclosed
in US. Pat. No. 4,853,602 to Hommes, et al. The resulting
uni axi ally shrinkable filmafter 5 secondary orientation can range in

thi ckness from 10 to 60 mcrons, (0.4 to 2.4 mls), preferably 20 to
40" mi crons  woe to 1.6 nmls). . The resul ti pgrasscusial | y
shrinkable filmaftter 10 secondary orientation exhibits at tenperatures
of :100[err] to 145[err] C, say, 135jmus]C, greater than 15% preferably
greater than 18% 20% or even greater than 25% shrinkage in the
direction of (peeopyagys csbtdinmid @or Exgnplenisividch contaivedi 603 BRri nkage

is determ ne u t e sanpl e | ength before and
after placi n%&%ﬁ Li&qe *Eﬂ%rﬁfegt’i fgfl nggg cQI-e 25 err Cgovgn for 7

ni nut es. FiGBNPlﬁkﬂgkﬁ ﬂﬁbdéFPEEEPBﬂ 1.8t §%€5hﬁé d33eht ati on
|0rezI er abl ydoqqmrw 8 #ttudR sectridairyonachihéadiffeaticmomstretch normal to
sai d secpndar i\ e t r

variati of o R EpE' Eiing nllvind %d‘éﬁ'%"@mni“fgé@fﬁét xamples
length of ttuiinﬂhﬁolé?eraF¢I%¢|¥P¥4ﬁ§n9 to filpg hay %d??ﬁﬂstﬂf e
secondary orlgyﬁdmauaataadppan 20% zpldugamymehoth%esgnﬂtutactiujnﬂ1m nkage as

"vent s on o 708 ‘EIF coporymli 954 W Mt ube( P gha 406 ‘E'ry TRy
or even [err]{(Conpanative) . ﬁeﬁhecﬁi‘f@dh)on%HéF‘E et ’
secondagy Or i i MD @imendliohali syalil f¢ nEhrinkage ate135°c (275 F))
was obtained for Example 13 (8% syndiotactic PP + 20% EP
copolymer) and Example 16 (4% syndiotactic PP + 20% EP
copolymer). Overall, the 20% EP-containing materials while
exhibiting less MDO2 stretch than the 40% EP-containing
s materials of Figure 3, exhibit comparable or greater
shrinkage at 135°C (275°F).
Figure 5 depicts MD dimensional stability at 135°C
(275°F) vs actual secondary machine direction stretch
(MDO2) for films having 4% syndiotactic polypropylene-
20 containing cores (Examples 15, 16, 17, and 20 having cores
of 4% syndiotactic PP + 40% EP copolymer, 4% syndiotactic
PP + 20% EP copolymer, 4% syndiotactic PP, and 100%
homopolymer PP (Comparative), respectively.) High
secondary orientation (MDO2 stretch) of 32% was obtained
28 for Example 15, (4% syndiotactic PP + 40% EP copolymer)
although Example 17 containing 4% syndiotactic PP alone as
core modifier exhibited MDO2 stretch nearly as high (27%)
while obtaining the same shrinkage as Example 15 (25%).
Figure 6 depicts MD dimensional stability at 135°C
30 (275°F) vs actual secondary machine direction stretch
(MDO2) for films having 8% syndiotactic polypropylene-
containing cores (Examples 12, 13, 14, and 20 having ‘cores,
of 8% syndiotactic PP + 40% EP copolymer, 8% syndiotactic
PP + 20% EP copolymer, 8% syndiotactic PP, and 100%
3s homopolymer PP (Comparative), respectively.) Relative to
the 4% syndiotactic polypropylene-containing cores of
Figure 5, somewhat lower secondary orientations (MDO2




di rension of the filmnormal to the direction of secondary
orientation, after heating to 135[err]C (275[err]F) shrinks or 30

expands no greater than 5% of the original dinension of the film at
room t enper at ure. El ongation at Lower Tenperatures

Anot her paraneter of interest is the resistance to stretching or
di‘mensi onal wajssBdest y of the filmafter 35 secondary or ipeniusbésaaas N t he
direction of secondary WO 96/ 33864

PCT/ US96/ 03448 orientation (%.gheagati on) under common processing.
conditions, e.g., print drying tenperatures of 54 to 66[err]C.

(130[err] tosﬁﬁﬂ{:dﬂ]@ﬁ* el 27&bl yaﬁe[ebtz}ﬁm(dlzm{zempﬁplest 12sandsirabl e

to provide ag ﬁt *,yd £t bb§ i hﬁ%%%ﬂcﬁﬁﬁ%‘ ahanbs to
O o et is o lipsoerah) iedpbi Scbeele, Saegpne#vms b1,

and tenper at 8% esyndﬁ;oﬂdi;d.ce 'RFOalbnecas core ipdifier iekikibkdtedgMpo2cesses
prior tg thegpRatLh Nédi¥hy as high as the 4% syndiotactic
polypropylene-containing £ilms in Pigure S. .
Figure 7 depicts MD dimensional stability at 135°C
(275°F) vs actual secondary machine direction stretch
(MDO2) for films having 5% to 10% linear low density
10 polyethylene (LLDPE)-containing cores (Examples 26, 27, 28,
and 29 having cores of 5% Exxon 2009, 10% Exxon 2009, 5%
Exxon 3616, and 10% Exxon 3016, respectively.) High
secondary orientation (MDO2 stretch) (30%) was obtained for
Example 28 and all Examples exhibited MDO2 stretch of 24%.
1s Figure 8 depicts MD dimensional stability at 135°C
(275°F) vs actual secondary machine direction stretch
(MDO2) for films having 10% and 20% ethylene-propylene-
butylene terpolymer (Chisso 7880)-containing cores
(Examples 30 and 31, respectively). High secondary
20 orientation (MDO2 stretch) (about 30%) and MD dimension
stability of 26% was obtained for Example 31.
Figure 9 depicts MD elongation at 60°C (140°F) and
133.5 grams per linear cm (0.75 pli) vs actual secondary
machine direction stretch (MDO2) for films having 40% EP-
25 containing cores (Examples 12, 15, 18, and 20 having cores
of 8% syndiotactic PP + 40% EP copolymer, 4% syndiotactic
PP + 40% EP copolynef, 40% EP copolymer, and 100%
homopolymer PP (Comparative), respectively. All 40% EP
copolymer-containing cores exhibited high MD elongation
30 conpared to the homopolymer-containing core.
Figure 10 depicts MD elongation at 60°C (140°F) and
133.5 grams per linear cm (0.75 pli) vs actual secondary -#
machine direction stretch (MDO2) for films having 20% EP-
containing cores (Examples 13, 16, 19, and 20 relating to
3s films having cores of 8% syndiotactic PP + 20% EP
copolymer, 4% syndiotactic PP + 20% EP copolymer, 20% EP
copolymer, and 100% homopolymer PP (Comparative),



e.g., drying after printing. To avoid registration 10 probl ens during

printing, MD elongation at 134 g per |inear cm (0.75 pli) should be

| ess than 0.6% at 60[errC (140[€rr]F), preférably Tess than 0.4% M
el ongation is generally reduced and is thus |less of a problem as
secondary . stretching (MD orientation) is increased. 15

Especial |y Pwd §sdd fil ns of the present invention s powusdenzaas VD
el ongation and TD shrinkage at processing tenperatures of 60[err]C
and 134 g/cm (0.75 pli), and maxi mum,.a4=-= MD shrinkage at tenperatures
used to effect shrinkage, e.g., heat tunnel tenperatures .of 127[err]

to 141 err] Cretipdctavéldy.) 2801 Q”dF)E.P eopbymerycd ity nirigCcares| err | F) or

hi gher, depe EhﬁF ﬁgyad on is
illustrated thg%@2?8|F héfi ?ﬁéogxgqm es |E¥ﬁﬁﬁgh al

parts are by houopelymercson 3i“inQHQR§QM se speC|f|ed 25 EXAMPLES

I sotactic polypr om@q&e iiPaepicky o lelongatiienr 4€) 60| (140 Ry xand = 3),

is nmelted in t t r t égﬁ?; i d
t he cor egl ayeﬁz’ ?5@?& g&t ?1 &C &N@G# B]'E'Zo{crlga%é%%u s% rg{ oviae
extruder, is I.ﬂﬂé}ﬂﬂﬁeéimpﬁiaﬂ Stret"’btmﬁefﬁifoﬁr ‘Eﬁd&ﬁ Wer 2%

et hyl ene Contéyﬁdidtictic poﬂ?ﬁfbﬁ&léﬂ&iddﬂﬂaihangreorésnetxaupxndlmsslon i s

material e ?%é“a%?%ﬂélﬁ%. & o '*'*“qﬁéf‘?&%&i&%fq‘mre, 35
i.e., from 232‘[99%&-0%89@#?@ [BE Y I”t‘oE?SBPE?H’H ord¥%i gher.  The
E- P copgbyergyndidtctiec ®pj andr10of HomdpdlyseruPPd(csmparative),
lrespect10ely.) The film of Example 17 containing 4%
syndiotactic polypropylene alone exhibited excellent MD
elongation properties even at high MDO2 stretch levels.
Figure 12 depicts MD elongation at 60°C (140°F) and

1is 133.5 grams per linear cm (0.75 pli) vs actual_secondary
machine direction stretch (MDO2) for films having 8%
syndiotactic polypropylene~containing cores (Examples 12,
13, 14, and 20 having cores of 8% syndiotactic PP + 40% EP
copolymer, 8% syndiotactic PP + 20% EP copolymer, 8%

20 syndiotactic PP, and 100% homopolymer PP (Comparative),
respectively.) The film of Example 14 containing 8%
syndiotactic polypropylene alone exhibited excellent MD
elongation properties even at high MDO2 stretch levels.

Figure 13 depicts MD elongation at 60°C (140°F) and

25 133.5 grams per linear cm (0.75 pli) vs actual secondary
machine direction stretch (MDO2) for films having 5% to 10%
linear low density polyethylene (LLDPE)-containing cores
(Examples 26, 27, 28, and 29 having cores of 5% Exxon 2009,
10% Exxon 2009, 5% Exxon 3016, and 10% Exxon 3016,

30 respectively) as well as films having 20% ethylene-

) propylene-butylene terpolymer (Chisso 7880)-containing
cores and 100% homopolymer PP core (Example 31 and Example
20 (Comparative), respectively). Figure 12 shows that
LLDPE~containing cores exhibit better MD elongation

3s characteristics than do terpolymer-containing cores.

It will be apparent to those skilled in the art that
the specific embodiments discussed above can be
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--16-- skin |lavers are nmintained at about the sane tenperature as

t he pol ypropyl ene used in fabricating the core layer. The E-P

copol ymer of the second extruder is split into two streans to enable
the formation of skin layers on each 5 surface of the core layer. As
may be appr %0 96r33864by t hose skilled in the art, rathaicriusegoesg itting
t he out put of the second extruder into two streans, a third extruder
coul d be used to supply the sec@ud-skin | ayer. Such an arrangenent
woul d be desired when the material used to formthe second 10 . skin |ayer
is varied f suscesafublytrepéated wilthningyedients equiwalentc tohitbkaess of

the-second geherisufiy or dpddieidally set £oPeh &bovd ard udlaedkin |ayer,
etc. eé#hree-la er?{é#t%amngtem%? coextruded wth a core

thi ckness r SBFA8RAG; REOEeSs, G 8ehe 598 GPF 15 t hi ckness,
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various diverse applications.




times using a commercially avail abl e sequenti al
apparatus to provide a multi-layer film

direction (MD) orienitationis

bi axially 20 orienting
structure. The machine___

“conducted at 127[err]C (260[err]F) and
the transverse direction (TD) orientation is conducted at 149[err]C
(300[err]F). The resultant filmis thereafter collected or

secondarily wospbed by 25 stretching gn a heated roll ( pedfussaniBids

directly after the TD orienter. Saﬁﬁpﬁk are collected which are
segondarily

oriented by MD stretching at 0% 10% 20% 25% and 30%
based on secondary orienter settlngs (roII ~speed). The resul ting
sanples were te 2

116[err] C, and
l'i ght transm s

t he tendency of .
secondary ori ent

1 and 2 bel ow.
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of the core layer was nodified by adding 5 wt % et hyl ene-
copol yner (Fina E-P 8573) 5 Example 3 . .Exanple 1 was

r épeat ed except that the pol ypropyl ene of the core |ayer was nodified
by addi ng 10 wt % et hyl ene- propyl ene copol yner (Fina E-P 8573).

Exanpl e 4 (Conparative) 10 Exanple 1 was repeated except that the
pol ypropyl e 9633864 Of the core | ayer was ;ubst i tuted with RETUSFHO3448
crystalline, hi gh isotacticity polypropyl ene. The high crystallinity
pol ypropyl ene was Fina 3576X. The resulting nultilayer

filmwas
difficult to sg*.;m?au_l Y ol operability.
Exanpl e 1 wasajepedqt ed}exc of the core
| ayer was m)dg ta’y,,!*idd; ut

propyl ene
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25 Exanpl e 1 was repeated except that the pol ypropyl ene
the core layer was nodified by adding 10 wt % pol ybut ene- 1 polyner
(Shel | 8430). Exanple 1 was repeated except that the

pol ypr opyl ene 30 of the core |ayer was substituted by fractional
copol ymer of ethylene and propylene (0.6 wt% ethylene) (Fina 4371).
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Exanple 1 was repeated except that the isotactic
core |layer was nodified by the 10
atactTTcrty)—t o

pol ypropyl ene of the
addition of atactic polypropylene (15%

provide a mxture contalning 50 wt % atactic
pol ypr opyl ene (Novol en L1300, avail able from BASF).

Exanpl e 1 was repeated except that the isotactic 15 pol ypropyl ene of the
cote layer WaoogRslghi €d by the

addi ti on of atactic polpgpmsgsdlsse (15%
atacticity) to provide a nmixture cof¥a@ ning 15 wt % atactic
pol:ypropyl ene (Novol en L1300, avail able from BASF). These
exarrp| es demmastrate that fil whose ¢ 2 YOt ?.r_g_nnn‘ cised of
pol ypropyl e haV|nE gow |Therent cqyst alfl i pi tjy, | ot poliypf ody!l ene
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--19-- | ayer in the amounts shown in Tables 3 and 4 (relating to
Exanples 12 to 25 ahd Exanples 26 to 37

, respectively). Exanpl es
12 to 19 and 21 to 24 utilize EOD 9306, obtained fromFina, as the
syndi otacti c pol ypropyl ene, 5. whil e Exanples 32 to 37 utilize EOD 9502,
obt ai ned fr qmgogms3seaFi Na. The E-P copol yner used is Fina 85PRI/U&HHN3448

avai l abl e from Fi na. EXﬁﬁ?)T’e 20 relates to a filmhaving a
. core of 100% I sotactic polypropylene (4 to 5% atacticity). |10
Exampl e 25 ¢ i " % atactic
pol ypropyl e havi §g j|n jat iffi (Novol en
1300L, avai glei(mﬁl\s:- rdi.npa
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propyl ene-butyl ene terpol ynmer nodifier

in the core (Chisso 20 7880,
avai |l abl e from Chi sso).

The core conponent(s) were nelted inan
EXTTUder witn a screw of TL/D ratio of 20/1 to provide the core |ayer.
A second and third extruder, in association with the first
extruder,

I's supplied with an et hyl ene-propyl ene-butyl ene 25
(Chi sso 7703%yp behages €t hyl ene, 3.8% butyl epe content, MAVUS96/B3438 ) t O

provi de the two skin |layers, one of —3}#1i ch contai ns 2000 ppm Tospear |,
a - . pol ymet hyl si | sesqui oxane non-neltable silicone resin, as

anti bl ock. Awmmli_coextrusion C-a —uThé' 139 repa=ec-Ni Ng t he
cyl i nder of }t a enpe Lir yf ficient to
melt the pol ;éler . il . 3 2 T :i! Ba[l&¥ | BC

(450[ err] F tjomoboi-ed + e 51 e second
extruder ang [ O $were

mai nt ai ned doi Jin
fabricating |t @

t he- second =
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TABLEA4

Mp T

25

-153

419 |«

204
+32 |23
+33 |23

2.7

-13

179
+33 9 Jos jm

+2

+33 | -2
4.7 33
+26 | -187
4449 | -1
47 |30
¥20 | -180
+40 |87
48 |37
+19 | 157

Diss. Stob
116°C(3P)
T
10
+19
+20
+27

MD
1.7
-121
143
163
180
199
-13
142
-18.5
200
1.7
14
-192
-335
143
-200
20
123

+?2
+29
+29

+27
+40
+0
+24
+38
+0
+22

DimSiah
we 210'N
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0
+20
+24
+30
+27
+33

MD
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-10$
-120
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07
10.2
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13.7

11
112

1
110
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9

27
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s
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0
153
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and third extruder enable the formation of skin |layers on
of the core |ayer.

with a core
5 t hi ckness,

each surface
A three-layer filmlaninate was coext+uded
—thi-ekness representing 95 percent of the overall extruded

w th the thicknesses of the skin |ayers representing 5
percent of the filmthickness. The

unoriented filmneasured 1270
mcrons (50 mls) in t hi ckness. The resultant fil m sREEDSHHM4S
subsequent?"’&”"3 oriented 4.5 by 8 ti T Usi ng a comrercially avail able 10

sequential biaxially orienting apparatus to provide a

multi-layer film
structure. The nachine direction (M)

orientation is condycied at
127[err] C (260F) and the {§ransyerpe ireg¢tijon (JTD) forientajior is
conducted at 14 (30G] s ! eln Weer g4l fant of iflan itsy t her epkt
collected or se il il AR R ST ST By T raitehin :%n&a ed at
110[err] C (230[ di fect |y er D orj gntler . npl es} are
col |l ected - 8 sﬁa:ﬁr&a Fslﬁa) | € /§I\/I: tré‘!criiaulg mSefondary
MD stretch can ap ynelpqreentape ncrgasqg | n I'engt h of
the filmafter g £Btlal § g ¢ puch| §0 r§ S gh fan be
reported as eit wﬁJ Lh S allt S} Y2
(computer) or pr rabgy, i cfual }striet ghi det by the
difference in film gjgi@¢ds| a9  efiZbyl & asyrd ng film
speeds at Bttt g zone
25 ‘Conput er sp§tinggl]rangg fyorh apoje 0%ot
secondary stretchgng rér@agg i B %'g vigd - ¢r) are
somewhat | ower ( jesgr=igmimpaiia g3 M qd
actual secondary getcr a'e’inii ategdlin S 4.
The terpolyner s E on_dnel sifdef of] Lt he If i1 rhwa$ _dog or i skharjge
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si de contai ned 2000 ppm of a polynethyle5|lsequ|oxa1
Tospearl, which was added prior to coextrusion

i,

sanpl es were tested for di mensional 35 stabi ity (shri‘nk&gel-)%or*
expansion(+)) in machine direction (MD)--i e., the direction of
secondary - WO 96/ 33864 _ _

PCT/ US96/ 03446 96/33864 -- 21-- PCT/GddsARgt | ON,
as well as transverse direction (TD) at 99C, 116[err]C, and 135[err]C
(210[err]F, 240[err]F, and 275[err] F)e=g3==- MD Tensile of the sanples
was neasured three ways usi ng ASTM D- 882- - Modul us (1000 pounds per

square inch CGLAIMS:KS|), 70.4 kg per square centineter), Tensile Elongation
(%9 and Utimate (KSI) a makiiﬂiirshﬁt-aéﬂrﬂriWe hﬂﬂﬂiall%[orféﬁte??t out

[
in Tables 3 an |on a err]F) was

measured at dlstilayer Jti&ﬁshﬁg&?lﬂeg? epF‘Pn%'ﬁéJ{] ne f)%’F | i near

inch)), 10 130 apdaat Jeasti qaqrpmqmﬁhqaqnﬁaiammlenm Iayews per

| i near cm (0. achj dtteinit: lsﬂn tes&ul Lgyere éﬁa QUbrd 1ajeb! eanéaini ing apg rrg o

[ hear d ep'ﬁzo}% 450rSprhehe W & Bod IS5, wpten Begises B P

Exanples 17 eﬂ!?ﬂillliﬂ!ty of the polypropylene by increasing chain.
imperfections or reducing isotacticity of the
polypropylene-containing core.

2. The multilayer £ilm of claim 1 wherein said

10 modifier is a polyolefin other than isotactic
polypropylene. . .

3. The multilayer film of claim 2 wherein said
modifier is selected from the group consisting of atactic
polypropylene, syndiotactic polypropylene, ethylene-

is propylene copolymer, propylene-butylene copolymer,
ethylene-propylene~butylene terpolymer, polybutylene, and
linear low density polyethylene.

4. The multilayer film of claim 3 wherein said
modifier is selected from the group consisting of

20 syndiotactic polypropylene and ethylene-propylene
copolymer. '

5. The multilayer f£ilm of claim 4 wherein said
polypropylene-containing core layer contains as said
modifier 4 to 8 wt% syndiotactic polypropylene and 0 to 20

25 wtt ethylene-propylene copolymer.

6. The multilayer film of claim 5 wherein said
polypropylene-containing core layer contains as said
modifier 4 to 8 wt%t syndiotactic polypropylene and 0 wtg
ethylene-propylene copolymer.

30 7. The multilayer film of claim 6 wherein said
polypropylene-containing core layer contains as saia ..
modifier 4 to 6 wt% syndiotactic polypropylene and 0 wts
ethylene-propylene copolymer.



syndi ot acti c pol ypropyl éne content. Haze (% 11 ght tYarisnisston)
was neasured by ASTM D _ 1003 and is set out in Tables 3 and 4. Figure
2 depicts 20 haze vs. core conposition for Exanples 12 to 20. At high

| evel s of sy i ¢ pol ypropyl ene alone (8%, haze is PCT/USIcRB448N | €
addi ti on of ethylene-propyl ene copol ymer reduces haze sonewhat. Lower
| evel s of syndiotactic PP copol yner o_gg-«{4% provide acceptable haze

| evel s which are further 25 reduced by EP copol yner addition to |evels
bel ow t hat of 8. 100Hehaxbipblyper £ilm off @laim 3 wherein $aigdire 3

depi cts MD diw 1etedlohthinfhg I & Taver contaﬁﬁz5i6rﬁ$ Fo wregact ual

secondary machi ection stretc ( ) for films having 40%

EP- cont ai ni ngatafpeic melypropylene as gaid godifier, 20 havi ng cores of 8%
syndiotactic PP + ¢i0% The muEBicapet'yﬂ:bIm dl@/oci)ﬂidll Gt whereifPPsaidl0% EP

?ggglegmavel y. ‘{éfg%n% orient g?l on 1(,%0_{’/%%& £ é&oﬁ‘@% 've),

honopol ymer |SW?§4‘EERP¥W’P@%"'°¥ﬂe ing an apst of; i"atfﬁ % A% ai ned
for Exanpl e laai@%fcditiiext.actic PP + 40% EP copol yner, while the

greatest shrinkageyg! bl GhitkS1ayer £ilm of claim 3 wherein said
modifier comprises propylene-butylene copolymer.

10 11. The multilayer film of claim 10 wherein said core
layer comprises 5 to 20 wt% of said propylene-butylene
copolymer as modifier.

12. The multilayer film of claim 3 wherein said
modifier comprises linear low density polyethylene.

is 13. The multilayer film of claim 12 wherein said core
layer comprises 5 to 10 wtt of said linear low density
polyethylene having a density of 0.89 to 0.92 g/cc as
modifier.

14. The multilayer f£ilm of claim 3 wherein said
20 modifier comprises ethylene-propylene-butylene terpolymer.
15. The multilayer film of claim 14 wherein said core
layer comprises 5 to 20 wt% of said terpolymer, said
terpolymer comprising 3 to 5 wtt ethylene, and 3 to 6 wt%
butylene. '

28 16. The multilayer film of claim 14 wherein said core
layer comprises S5 to 20 wtt of said terpolymer, said
terpolymer comprising 0.5 to 2.5 wt% ethylene, and 3 to 20
wtt butylene.

17. The nultilayer £film of claim 1 wherein said film

30 is capable of greater than 15% shrinkage at 100° to 145°C
in a first direction with +5% stability in a second
direction substantially normal to said first direction.

18. The multilayer film of claim 17 wherein said core
layer comprises polypropylene having a MFI of 2 to 4, and

35 said film is capable of greater than 25% shrinkage at 135°C
in a first direction with 13% stability in a second

(0.75 pl1)) genorar 1y inoreases w tn &P copolyrer conteni NI IIIII [l



V\ng6/ 53364 (275[err] F) was obtai ned for Exanpl eP%'/ gﬁ?%oimﬂmm(“mmm“l

EP copol yner alone as nodifier in the core. Fi gure
depicts MD di nensional stability at 135 err]C (275[err]F) vs actual
secondary machi ne direction stretch 5  (MDQ2) for filns having 20%

EP- cont ai ni ngoegs:ees ( Exanpl es 13, 16, 19, and 20 rel ap¢Pisdsosdss! N
havi ng cores of 8% syndi otactic PP + 20% EP copol ynmer, 4%

syndiotactic PP + 20% EP copol Yiig..20% EP copol yner, and 100%
honopol ynmer PP (Conparative), respectively.) The greatest M02

stretch 10 dire¢tibndsubstantidllyt Perpendicalarntagsaid fi¥sterr]| C (275F))
was obt ai nedi{gv f?i I e 13 (8% syndiotactic PP + 20% EP copol yner)
and Exanpl e f S

yndi otactic PP + 2Q0% EP ' ). Overall, the
20% EP- cont ai ni ng 8at eTh@| Tulfilayer film, of BFFMgll'éE%gﬁr\% add SOB® t han
the 40% EP- cQaiy@rnicoppiisest cto dlS wtit podybat@lenabhi bit conparabl e or
greater shriggkag t s
depicts sI\/D di_nmensi @nal %? %&ﬁﬂéétrcfgé Sin 2 ‘(‘}%Tin ﬁ \l/gs?pract ual
secondary nadif¥er GORPrises a(p :]ng;? topmed | Py cawitatdon,
syndi ot acti c qhdu;qoaoppuaecaiﬂtating)mgunﬁ ng cores (Exanples 15, 16, 17,

d 20 h 1 £t 0 494
ayndiotacti o o F Tne Badiisydl S OF %55%8. § vhete i Fapg
hormopol yner PBaYeXfeRtaingcs to & Rﬂiﬂ? viens terephthalake, (PET)
ori ent a@i on (d‘iliﬁé:&baehehbaﬁtiéféé\m (0ol a:medoZEicroﬁﬁrdﬁ@ét&ﬁ 15, (4%

syndi otactic PP + ﬁO% E'Sﬁecﬁﬂﬂzﬂwér £iim o A48 RIREBLfn Wa P Ut N9 4%

syndi otactic PP aI on
layer comprises a polypropylene supporting layer containing

4 to 15 wt% TioO,.
23. The multilayer film of claim 1 wherein said core
18 layer comprises 2 to 10 wt% ethylene-propylene copolymer.

24. The multilayer film of claim 1 wherein said
polypropylene-containing core layer comprises an ethylene-~
propylene copolymer containing 0.5 to 1.0 wt% ethylene.

25. The multilayer film of claim 1 wherein said

20 polypropylene-containing core layer has an overall
atacticity of at least 4%.

26. The multilayer film of claim 25 wherein said
polypropylene comprises a mixture of 70 to 90 wtt% isotactic
polypropylene and 10 to 30 wt% of polypropylene having

25 atacticity ranging from 15 to 20%.

27. The multilayer film of claim 1 wherein said core
layer comprises up to 25 wt% recycled polypropylene (RPP).

28. The multilayer film of claim 1 which is primarily
oriented by biaxially orienting 3 to 6 times in the machine

30 direction, and 5 to 10 times in the transverse direction,
and secondarily oriented by reorienting an additional 10 to
40% in the machine direction. v

29. The multilayer film of claim 28 wherein said film

is primarily oriented by synchronously accelerating
s directly opposed pairs of tenter clips holding said film,
along a diverging path.




obt ai ni ng the same shrinkage as Exanple 15 (25%.

core nodifier exhibited MDX®2 stretch nearly as high (27%— meu“mlllll"l

depicts MD dinensional stability at 135[err]C 30 -~ (275[err]F* v§ attu®
secondary machi ne direction stretch (MDO2) for films having 8%
syndi otacti c pol ypropyl ene- contai ning cores (Exanples 12, 13, 14,

and 20 havi ngo%e6R84

syndi otactic

syndi ot actic

of 8% syndiotactic PP + 40% EP cpgpbswehiss 8%

*

S

( PP + 20% EP copol yner, 8% syndi otactic PP, and 100% 35
honmbpol ymer PP (Conparative), respectidgga) Relative to the 4%

pol ypr opyl ene- cont ai ni ng cores of Figure 5, .sonmewhat

| ower secondary origent SheomaltiDé¥er £ilm of claim(R96whésein said £ilm

 PCT/ US96/ 03448,
and 27% were_obtal_ne

- 40% EP copol

GHiY @RPosed BPAES F ST, ﬁ;'ﬂpégw

TRy primie  smeor ]y B e
vid a‘F#ﬂ) u%ﬁ”Ex anpl e

14 cont ai ni ngalong B%txwidghtt pathc PP al one as core nodifier exhibited MXO2
S strgtch nearlay as mhgdimiatiiffes 2 S UOAGINC 1 wherein said skin

ol ropyl ene-contaj ning fil i n Fi e b. Fi gure 7 depicts MD
i monsi onal  SHSERT (1% stectad: eron at fGast one of the grodpConsfsting

10

15

of polypropylene, ethylene-propylene copolynmer,
polyethylene, propylene-butylene copolymer, and ethylene-
propylene-butylene terpolymer, said skin layer having a
thickness of 0.5 to 1.0 micron.

32. The multilayer £ilm of claim 31 wherein said skin
layer contains a non-meltable silicone resin.

33. The multilayer f£film of claim 1 which is treated
on at least one side by flame or corona discharge.

34. A method for preparing a uniaxially heat-
shrinkable, biaxially oriented, multilayer f£ilm having a
polypropylene-containing core layer comprising at least 70
wtt of said multilayer film and at least one polyolefin-
containing skin layer adjacent said core layer which method
comprises ' :

1) coextruding said core layer and said skin layer
through a flat die to provide a coextrudate,

2) biaxially orienting said coextrudate by orienting 3
to 6 times in a first direction, and orienting 5 to 10
times in a second direction substantially perpendicular to
said first direction,

3) cooling said biaxially oriented coextrudate to a
temperature no greater than 100°C and

4) reorienting said cooled biaxially oriented
coextrudate in the first direction by 10 to 40% at 100 to
125°C. :

35. ‘The method of claim 34 wherein said biaxial
orienting is carried out in the first direction at a
temperature of 110° to 130°C, and in the second direction
at a temperature of 130° to 160°C.
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(LLDPE) - contai ni ng cores (Exanpl es 26, 27, 28, and 29*ha%i ng dor és
5% Exxon 2009, 10% Exxon 2009, 5% Exxon 3016, and 10@6Exxon 3016,
respectively.) High secondary orientation (MDQO2 stretch) (30% was
obt ai ned f or wooemssspxanpl e 28 and all Exanpl es exhi bited NMOp@rgkssaeds Of
24% 15 Figure 8 depicts MD dinensional stability at 135[err]C
(2¢5[err]F) vs actual secondary nachi gggglLecti on stretch (MDQ2) for
filnms having 10% and 20% et hyl ene- pr opyl ene- but yl ene ter.pol yner

(Chi sso 7880) - cont aghi NThe iethod of cLEXnn:M etheéxeimnaaild biazpaltivel y).

Hi gh d

i ronsi on - briSpting! 16 G i MRy SLIANE R ncdlibrdting®

Figure 9 dep|9§§3ﬁﬁiﬁlEPEEE?QN?Q%F56GFeFPPEF¥Iﬂkﬁ&ﬁ 4$aiggdsaid filmg o
grans per |inedongna(divérging pathact ual secondary machi ne direction

stretch ghD2) Torapl!! “ﬁn&'aﬁ(éﬁﬂm“%f’ ETaig>36 w}?%ﬂéﬁi Wl FRoEILhEXAGP! oS

12, 15, 18, and 20
copol yner, 4%#?yﬁ&?§$ﬁ€t?%¢ bY sYﬂthPnQB9@¥F°EEﬁkﬁ§ﬁ’ ﬁ@%FEP ¥opol yner,
and 100% opbosefopyiFrs &P tertmacaipschold b cxaid of fim, Alall 04§ % EP

copol ymer - conggkghﬁg c§£€§ exhi bited high M eIongatlon 30 conpared to

t he honopol yner-cont ai core ure 10 depicts M) el ongation
at 60[err]C (140[ePP}F)TlaﬂoP°th°d Ofsslsigra?m |#%ercm°eﬂeriseﬁ| i) vs
actual aecondaiyectly pﬁp&ll&qilsﬁﬁ itentetr elips (WE10R) Yimeali motoiravi ng

20% EP- t 1 to 35
fi e having cores ar pinEohengd ¥ETR1RIn 35 Pherdth ﬂﬂ%?ﬁ’éf’ehg “’991%0
syndi ot actic PP3+556%)EPYEBpﬁﬁyﬁ%F”“EGﬂ?EP" th a sgﬁgc

honopol ynmer PRreofiother gkoup)consisting of polypropylene, ethylene-
~ propylene copolymer, polyethylene, and ethylene-propylene-
is butylene terpolymer, said skin layer having a thickness of
0.5 to 1.0 micron.
40. A uniaxially heat shrinkable, multilayer,
biaxially oriented film composition comprising
a) a heat shrinkable polypropylene-containing core
20 layer having a DSC melting point of less than 160°C, and
b) at least one heat shrinkable polyolefin-containing
skin layer, said film being capable of greater than 20%
shrinkage at 135°C in a first direction with +1% stability
in a second direction substantially normal to said first
direction.
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--24-- respectively.) Al _20% EP copolyner-containing cores
exhrbited slightly hi gher MD el ongati on conpared to the
honopol ymer - cont ai ni ng core. Figure 11 depicts MD el ongation at

60[err] C (140[err]F) and 5 133.5 grans per linear cm (0.75 pli) vs

act ual secoR@d&i3sed machi ne direction stretch (MDQ2) f orPET/USHSORER I Ng 4%
syndi otacti c pol ypropyl ene-cont ai ni ng cores (Exanples 15, 16, 17, and
20 having cores of 4% syndiotactic PP g?% EP . copolyner, 4%

syndi otactic PP + 20% EP copol yner, 1 syndi otactic PP, and 100%
honmopol yner PP ( Conparative), - respectl vely.) The filmof Exanple 17
cont ai ni ng 4% syndi otactic poI ypropyl ene al one exhi bited excellent M
el ongati on properties even at ﬁ st etch | evel s. Fi gure
12 depicts MD elongation at 6 ]C (JaQO[grr] F) and 15 133.5 grans per
linear cm (0.75 pli) vs actua ondarm o machi ne direction stretch
(MDQ2) for films having 8% ¥ +syndi otaci-l c pol ypr opyl ene- cont ai ni ng
cores (Exanples 12, 41:.3% VI ng cores of 8% syndiotactic PP
+ 40% EP copol yner, an@ot@ctoc gP + 20% EP copol yner, 8%

5

|
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FIG. |
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20 syndi otactic PP, and 100% honopol yner PP (Conpar ati ve) ',

respectively.) The filmof Exanple 14 containing 8% syndi otactic
pol ypr opyl ene al one exhi brted excellent M ellongati on properties even
at high MDQ2 stretch | evels. Figure 13 depicts MD el ongation at

60[err]C (140[err]F) and 25 133.5 grans per linear cm (0.75 pli) vs
act ual secorw?%m machi ne direction stretch (NDQ2) forpdrigsdboddss’i N9 5%
I near

to 10% | ow density pol yet hyl ene (LLDPE)-contai ning cores
(Eanmpl es 26, 27, 28, and 29 having cores of 5% Exxon 2009, 10% Exxon
2009, 5% Exxon 3016 and 10% Exxon 3013/ 130 respectively) as well as
films having 20% et hyl ene- propyl ene-butyl ene terpol ynmer (Chisso
7880) - cont ai ni ng ores and J00% honmopol ymer PP core (Exanple 31 and
Exanpl e 20 (Compa tiﬂie), nagspagctively). Figure 12 shows that
LLDPE- cont ai ni ng cores it beaft % MD el ongati on 35 characteristics
than do terpol ymer-cont n| g corgs It will be apparent to
those skilled in the artsthat ?he speci fic enbodi ments di scussed
above can be V\&Q&BI&GL& g o
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successfully repeated with ingredients equivalent to those generically or

specifically set forth above and under variabl e process conditions. From
the foregoing specification, one skilled in the art can readily ascertain
the essential features of this invention and w thout departing fromthe
spirit and scope thereof can adapt it to various diverse applications.
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--33-- CLAI' M5:
bi axially oriented,

adj acent saifb ssmass4l ayer,

poi ypropyl ene and a nodi fier which reduces the

1.

A uni axi ally heat-shrinkabl e,

mul tilayer film having a pol ypropyl ene-contai ni ng
core | ayer and at | east one pol yol efin-containing skin |ayer
said core layer containing 5 PCTAISOGI03448

pol ypropyl ene by increasing chain.

| mperfections or reducing

i sotacticity of the pol ypr opy! eef tdnt ai ni ng core. 2.
multilayer filmof claim1l wherein said 10 nodifier is a polyolefin
ot her than isotactic :
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pol ypr opyl ene. 3. The multilayer filmof claim2 wherein said
nodifier is selected fromthe group consisting of atactic

pol'ypropyl'ene, syndiotactic polypropylene, ethylene- 15  ~propyl ene

copol ynmer, propyl ene-butyl ene copol yner, et hyl ene- propyl ene- but yl ene
terpol ymer, pol ybutylene, and |l i near | ow density polyethyl ene.
4.~  The mulngdeAyggy fil mof claim3 wherein said modipfrRkoei03448€! €Ct ed
fromthe group consisting of 20 syndi otacti c pol ypropyl ene and
et hyl ene- propyl ene copol yrer. 5. The nul tilayer film of
claim4 wherein said pol ypr opyl ehé13ont ai ni ng core | ayer. contains as
sai d nodifier 4 to 8 wt % syndi otactic pol ypropylene and 0 to 20 25
wt % et hyl ene- propyl ene copol yner. 6. _The nmultilayer film of
claim5 wherein said pol ypr opyl ene-contai ning core |ayer contains as
sai d nodifier 4 to 8 wt%sym§(§@ptn' c pol ypropyl ene and 0O WtoéoP
et hyl ene- propyl ene copol yner. 30 Qo 9. The multilayer film claim
6 wherein said pol ypr opyl ene-‘!‘!%!‘h ing core |ayer contains 8 sai d
nodifier 4 to 6 wt % syndiotactic p(g %) |l ene and 0 wt %
et hyl ene- propyl ene copol yner. xgx o—
: X ) X u_
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WO 96133864 PCT/ US96/ 03448
WO_ 96/ 33864 8. The multilayer filmof claim3 wherein said

pol ypr opyl ene-contai ning core |layer contains 10 to 30 wt % atactic
pol ypropyl ene as said nodifier. 9. The nultilayer filmof claim
3 wherein said 5 pol ypr opyl ene-contai ning core |ayer contains 15 to 30
w'% aveoinmseo! ypropyl ene having an atacticity of 1%pdrausséisssss
said nodifier. 10. The multilayer fil mof claim3 wherein said
modi fier conprises propyl ene-butyl enegc;)?gl yIer . 11. The
rrultllayer filmof claim10 wherein s ore Iayer conprises 5 to 20
wt % of sai d propyl ene-butyl ene copol yner as nodifier. 12.
The mul tilayer filmof cl ai m 3 wherein said nodi fier conprises |inear
| ow density pol yethyl ene. o The nultilayer filmof claim12
wherein said core Iayer co ges 5to 10 wt % of said Ilnear@ow
density pol yet hyl ene havi ng l&"den3| ty of 0.89 to 0.92 g/cc a
nodi fi er. 14. The mul ti er filmof claim3 wherein s 20
nodi fier conprises ethyl ene-propylg&®-butyl ene terpol yner. - 15.
The multilayer filmof claim114 Wru:rgl n said core | ayer co ises 5
to 20 wt % of said terpolymer, sai & o t er pol ymer conprising 3 5 w%
ethylene, and 3 to 6 W% but I§ne. 25 16. The nultilayer
filmof claim 14 wherein said cor | ayer conprises 5 to 20 wt % of

said terpol yner, said +[}l
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terpol ymer conprising 0.5 to 2.5 wt% ethylene, and 3 to 20 wt %

but vl ene. 17. The multilayer filmof claim1l wherein sald f| I m
30 i s capable of greater than 15% shrinkage at” 100 t0 I45[€errJC™ R
inafirst direction with 5%stability in a second di rection
substantl ally normal to said first direction. 18. The

mil til ayer fwoos3ssscl ai m 17 wherein said core | ayer pe@RiRod3e4s

pod ypropyl ene having a MFl of 2 to 4, and 35 said filmis capable of
greater than 25% shrinkage at 135[err]C inafirst direction with 3%
stability in a second WP 43333864 , :
PCT/ US96/ 03448 direction substantially perpendicular to said first
di rection. 19. The nultilayer filmof claim1 wherein said core
| ayer conprises 2 to 15 wt % pol ybutgl&ne 5 20. The nultil ayer
filmof claim1l wherein said core | ayer conprises a plurality of

voi ds fornmed by cavitation amm a solid cavitating agent.

21. The multilayer film of clalmlae/gereln said core
oY

FIG.9°
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| ayer contains 4 to 8 wt % pol ybutyl ene terephthal ate (PBT) 10 di sper sed

as particles of 0.2 to 2. 0 mcrons._di aneter, 22. The nmultilayer
filmof claim1l wherein said core | ayer conprises a pol ypropyl ene
supporting |layer containing. 4 to 15 w%Tigerr]. 23. The
mul tilayer filmof claiml1 wherein said core 15 | ayer conprises 2 to 10
W% et hyl enwopsagsgd ene copol yner. 24. The nul t i pecwyesssnsdsgn of
cltaim 1 wherein said pol ypr opyl ene-contai ning core |ayer conprises an
et.hyl ene- propyl ene copol yner cgontaining 0.5 to 1.0 wt % et hyl ene.

25. The multilayer filmof claim1 wi@/ddn said 20 :

pol ypropyl ene-contai ning core | ayer has an overall atacticity of at

| east 4% 26. The multilayer filmof claim25 wherein said

pol ypropyl ene conprises a mxture @&/0 to 90 wt % i sotactic

pol'ypropyl ene and 10 to 30 wt % of ﬁ)ﬁ/pr opyl ene havi ng 25 atacticity
ranging from 15 to 20% W® The nultilayer filmof clai
wherein said core | ayer conpg?a®s up to 25 wt % recycl ed pol yeemopyl ene
(RPP) . 28. The multilay®@Silmof claimi1 which is pri r@'ily
oriented by biaxially orienting 3 tho#6 tines in the nachine 30

direction, and 5 to 10 tines in th&gj&m. erse direction, a
secondarily oriented by reorientingggn itional 10 to 40%%* t he
machi ne direction. 29. § tilayer filmof claim28 wherein
said film is primarily orien ~synchronously accel erating 35
- directly opposed pairs of tenter cl,i sshpl ding said film al ong a
di vergi ng path. : .
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WD 96/ 33864 PCT/ US96/ 03448
--36-- 30. The nmultilayer filmof claim?29 wherein said film

is secondarily oriented by synchronously accelerating said directly
opposed pairs of tenter clips holding said film al ong a straight
path. 5 - 31. The nmultilayer filmof claim1 wherein said skin

| ayer is saveoeiiesd rom at | east one of the group consi sti rECTASI60348E

pel ypr opyl ene, et hyl ene-propyl ene copol yner, pol yet hyl ene, .
propyl ene-butyl ene copol ymer, and et hﬁif?? propyl ene- but yl ene _
terpol ynmer, said skin layer having a ' t hi ckness of 0.5 to 1.0 mcron.
32. The nmultilayer filmof claim31l wherein said skin | ayer contains
a non-neltable silicone resin. 33. The.multilayer filmof claim
1 which is treated on at IeE&hone side by flame or corona discharge.
15. 34 A nmethod for prep g a uniaxially heat - shri nkabl e,
biaxially oriented, nultilayer filgghaving a pol ypr opyl ene-Tont ai ni ng
core layer conprising at least 70Q©  wt % of said nultilayer fi'I-m and at
| east one pol yol efin- contaiping skin layer adjacent said | ayer
whi ch net hod 20 conpri ses & gl) coextruding said core yer and
said skin | ayer L

4
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through a flat die to provide a coextrudate, 2) biaxially
orienting said coextrudate by orienting 3 . = to 6 tines in a first

direction, and orienting 5to 10 25 tines In a second direction
substantially perpendicular to said first direction, 3)
cooling said biaxially oriented coextrudate to a tenperature no
greeat er thaWwaesEssgr ] C and 4) reorienting said GeqhRdsedsaxi ally
or¥ented 30 coextrudate in the first direction by 10 to 40% at 100 to
125[err] C 35. The nethod of .¢claim 34 wherein said biaxial
orienting is carried out in the first1aVﬂ§ction at a t enperature of
110[err] to 130[err]C, and in the second direction 35 at a tenperature

of 130[err] to 160[err]C WO 96/ 33864
PCT/ US96/ 03448 aa --37-- 36. The
met-hod of claim 34 wherein said bildnsal orienting is carrie ut by
synchronously accel erati ng dRgct|y opposed pairs of tenter i ps
hol ding said film al ong a qgggrging pat h. .
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5 37. The nethod of claim 36 wherein said reorienting is
carried out by synchronously accelerating directly opposed pairs of

tenter clips holding said film along a stral ght path. 38.

The met hod of claim 37 which further conprises 10 directly propelling
said tenter clips using linear notors. 39. The nethod of claim
34 wher ei n WRP&B38MEre | ayer and skin |layer are coext rROXAS$993448 a skin

| ayer selected fromthe group consisting of polypropyl ene, ethylene-
ptopyl ene copol yner, pol yet hyl ene, qgﬁqgﬂylene-propylene- 15 but yl ene
terpolymer, said skin layer having a ness of 0.5to 1.0 micron.
40. A uni axially heat shrinkable, multilayer, biaxially oriented film
conposition conprising a) a heat shrinkable

pol ypr opyl ene- cont ai ni ng qgreg?o yegghgéénﬁ atDSﬁ neLtLPstgoint of
ea eat shrinka

| ess than 160C, and b)
i dief i | m bei ng capabl®®of greater
gpst direction w thel%
ally normal to id first

L

ON

pol yol ef i n- cont ai ni ng s
t han 20% shri nkage dﬂd&
stability in a seco Eﬁ
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